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PRELIMINARY NOTE ON THE ANCIENT HUMAN SKULL- 
REMAINS FROM THE TRANSVAAL. 
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(Read October 20, 1915.) 


Towards the end of the year 1913 Mr. F. W. FitzSimons, of the Port 
Elizabeth Museum, was shown the portion of the skull-cap herein described 
which had been unearthed in making an underground drain on the farm 
Kolonies Plaats, Boskop, in the Potchefstroom district of the Transvaal. 
He recognised it as a human relic, and proceeded to make further excava- 
tions on the site. A year later further excavations were made by officers of 
the South African Museum and the Port Elizabeth Museum aided by a 
grant from the Royal Society of South Africa, but the results obtained were 
very poor. ‘The remains found consist of a large portion of a calvaria, the 
horizontal portion of the left ramus of the mandible, the major portion of 
a temporal bone, and some fragmentary limb-bones. It is intended that 
these remains shall be described more fully later ; but in view of notices of 
a misleading character which have already appeared in print, it has been 
thought advisable to publish a preliminary note with a few details. For 
permission to do this, I have to thank Dr. Péringuey, the Director of the’ 
South African Museum, to whom the remains were originally sent for 
investigation and report. 

Occurrence-—The portion of the farm on which the remains were dis- 
covered consists of a cultivated field lying on the east (left) bank of the 
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Mooi River, between the river and the house of Mr. Piet Botha. At the 
time of my visit the ground from which the skull-cap was unearthed had 
been dug over at least twice, so that it was difficult to determine exactly the 
original position of the fragment. Moreover, although further excavations 
were carried out, no bones were found in situ, the only pieces discovered 
being fragmentary parts of a femur which were scattered through the upper 
18 inches of re-interred débris. As far as I could discover, however, the 
skull-cap was found at an approximate depth of 4 feet 6 inches below the 
level of the ground, but no direct evidence was forthcoming to show whether 
the remains had been interred by human agency or naturally—i. e., whether 
or not the body had lain in a grave. 

The spot from which the skull came lies 242 feet from the river bank, 
measured at right angles to the bank. The level of the surface above it 
stands 10 feet 9 inches above the present bank of the river, and 16 feet 
9 inches above the bed at the middle of the stream. The flood-plain of 
the river rises 6 feet in 54 feet, and then slopes more gradually upwards to 
the spot where the remains were unearthed. 

Excavations were carried on to a depth of nearly 8 feet over an area of 
about 25 square yards around the spot which was pointed out as being 
directly over the original position of the skull-cap. In the centre of this 
area previous excavations and infillings had caused an intermingling of the 
soil and subsoil, in which mixture—as stated above—the fragmentary 
femoral remains were discovered... An undisturbed section showed: Soil, 
1 ft.; subsoil, 4 ft. 3 in.; breccia (“ouklip”), 2 ft. 9in., as far as the 
section was taken. i 

The soil was a fairly dark rich soil which had been cultivated for a 
number of years. It gradually gave place to the subsoil which, in turn, 
graduated into the lateritic “ ouklip” breccia. The subsoil contained in its. 
upper part a few scattered irregular lumps of breccia, but as it was traced 
downwards these masses became more plentiful until ultimately the loose 
material was replaced entirely by a stiff breccia. At the 4 ft. 6 in. level the 
lumps of breccia were fairly plentiful, and the whole of the front of the 
skull-cap, most of one side, and all the inner surface were encased in a 
matrix of this material. 

The lateritic breccia consists of small pebbles and pellets of chert and 
sandstone set in a ferruginous and occasionally siliceous matrix, with here 
and there a few small, irregular, drusy cavities. The thickness of this laterite 
is not known, as excavations in it could not be conducted to a greater total 
depth than 8 feet, owing to the flooding of the hole by underground water. 

At a depth of 5 feet one or two larger fragments of sandstone with 
angular borders were found partially encased in laterite, and have been sub- 
mitted to Dr. Péringuey for an opinion as to their possible shaping by 
human agency. 
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Of the rate of formation of this laterite nothing is known. The con- 
version of soil into laterite takes place presumably from below, as the upper 
parts of the section show but isolated patches of the rock. The skull-cap 
must have been lying there long enough for part of its surrounding soil to 
become lateritised and for the formation of masses of the breccia in at least 
3 ft. 6 in. of ground above it; but it would seem impossible to assign to 
it any definite age in the absence of knowledge of the time required for 
cementing to take place under the local conditions. 

A microscopic study of a portion of the parietal bone shows that the 
large vessels and vacuities in the cancellous tissue or diploe are almost 
completely filled by crystalline calcite. Around each of them is a more or 
less irregular dark brown ring of oxide of iron, smaller particles of which 
are scattered through the ground-mass. The ground-mass of the bone 
consists of calcite and calcium phosphate, the former apparently pre- 
dominating. 

The weight of the skull-fragment, omitting a small piece of the right 
parietal and the temporal bone, when cleared of matrix, was 698 grm. 

The following report upon the composition of the remnant was kindly 
submitted by Dr. C. F. Juritz, the Government Analyst, the analysis being 
carried out by Dr. W. Versfeld : 


“ Analytical Results. 


“Silica . ; . . 93'O per cent. 
Oxide of iron ee aR! oe  53 
Lime . _ A4D ,, 
Phosphoric oxide . : -si20 


“The sample loses about a third of its weight on ignition. This repre- 
sents moisture and carbon dioxide. The latter appears to have replaced 
phosphoric oxide to a large extent. 

“The specific gravity of the whole piece is 2:08. When powdered it 
should be slightly higher. 

“The theoretical composition of calcium phosphate, of which human 
bones largely consist, is: 


Lime : ; : , : . 54 per cent. 
Phosphoric oxide : . ; ' 3) GO" 

and that of carbonate of lime is: 
Lime . : ; 5 : . 44 per cent. 
Carbon dioxide . , 56 
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Skull-cap.—The calvaria, as preserved, probably presents its maximum 
length, which is about 205 mm.; and a slight restoration of one side of the 
fragment where the bone-surface has been worn away gives a maximum 


enyad greatest breadth ae 
breadth of 154mm. The cephalic index (eee x 100) 18 thus 
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751 at its minimum value—i. e. supposing that there has been no decrease 
in the width due to crushing and that the length preserved is the maximum. 
The skull is thus slightly mesaticephalic, almost dolichocephalic. The cranial 
capacity must have been very large. In order to obtain the basilo-bregmatic 
height I have placed the temporal bone in what I conceive to be its highest 
possible position, and so obtain a height of 140 mm. Even supposing this 
height to be 10 mm. too great, which must be the maximum of error possible, 
the calculation of the capacity by Broca’s method gives the minimum figure 
as 1832 c.c. This is obtained by dividing half the product of the antero- 
posterior diameter, the maximum transverse diameter, and the vertical 
basilo-bregmatic height by the cubic index of Broca (1:12). In this 
connection it must be noted that the skull wall is very thick and that the 
bi-stephanic width is small, so that some reduction of this figure is 
necessary. As, however, both the height and width of the skull are greater 
than those of the Cro-Magnon man, and the auricular height is probably 
equally as great, the brain capacity of the Boskop skull must have been at 
jeast as great as that of Cro-Magnon, which is given as roughly 1660 c.ces., 
and was probably somewhat greater. 

The forehead, at first, rises almost vertically above the moderate supra- 
orbital ridges, and then bends back abruptly. The bend is not so abrupt as 
in the Cro-Magnon man, and it continues along the median line in a regular 
sweep almost to the posterior third of the parietal. The top of the skull is 
somewhat flattened in the manner of that of the Cro-Magnon man. In the 
norma lateralis the flattening appears to be greater than it really is along the 
median line because of the parietal bosses, which rise up on either side of a 
central concave depression which runs along the median suture. This 
feature of the skull is a very pronounced one; it is not paralleled in any 
skull in the possession of the South African Museum, although, according 
to M. Boule, it has been seen on some Negro skulls and also upon a Namaqua 
skull now in the Paris Museum. At the level of the posterior part of the 
parietal there is a decided flattening, which continues on to the superior part 
of the occipital bone. The occipital projects strongly, and has a strong ridge 
bifurcating downwards and outwards parallel with the lambdoid sutures 
from a point 14 mm. below the lambda. In norma occipitalis the skull is 
remarkable for its breadth, its flattening, and the central depression. 

The general characters of the calvaria already mentioned agree closely 
with those of the Cro-Magnon type: the general nature of the antero- 
posterior curve,, the vertical forehead, the parietal flattening in the posterior 
part, and the strong occipital protuberance are seen in both. It is in the 
presence of the median depression and in the norma verticalis that the chief 
differences are seen. 

In norma verticalis the skull of La Grotte des Enfants displays scarcely 
anything of the parietal bosses; that of the Cro-Magnon man (No. 1) affects 
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somewhat a pentagonal outline. In our form the pentagonal shape of the 
outline is more pronounced, and just in front of the large, rounded, parietal 
bosses the sides of the pentagon are even slightly concave. It is, therefore, 
in the frontal diameter that our skull gives figures less than those of the 
Cro-Magnon type. The general similarity is well seen in the following 
table, which compares the Boskop skull with the male and female skulls of 
Cro-Maegnon and with the large male skull of La Grotte des Enfants. 


Cro-Magnon Type. 


(All measurements in mm.) Boskop. Cro-Magnon. eee 
ate Le eS 
. cf 2 Ss 
Max. Antero-Posterior Diam. . 205 . 202 i 191 ; 198 
Transverse Diameter, probably 
1: : : . — . 149 : 140°? — 151? 
Max. Frontal eter B N20) Aye eles ; 119 : 127 
Min. Frontal Diameter : . L038?P.. 108 98 ; 103 
Total Horiz. Curve nearly 580 . — . 568 . 585? . 560 
Pre-auricular Horiz. Curve. Bee0 2 240? 269 
Sur-auricular Curve about 340 . —  . 330 300P 323 
Parietal Curve . ; F elo: - algae a: — : 133 
Cephalic Index . : ols (anor. Ta29e. 76°26 
Frontal Index . : : ee 06:9) =, O9G LOPE 68°2 


It will be seen that the cephalic index les well within the limits of 
variation in the Cro-Magnon type (71°36 to 76°27), although it is somewhat 
ereater than the mean for that type (73°67). 

Although the frontal is not quite complete, the supra-orbital features 
appear to have been very similar to those of the Cro-Magnon man. The 
glabella was in relief, and the supraciliary ridges—although strong in alt 
probability in their internal parts—die out on the outer portion, while the 
external auditory apophyses project considerably outwards. 

Of the face nothing remains. | 

Having drawn attention to the many points of resemblance to, and the 
few of difference from, the general characters of the calvaria of the Cro- 
Magnon type, it has been thought advisable to give some fuller descriptions 
of the several bones. ! 

Frontal Bone.—In norma facialis the forehead seems very narrow, and a 
posthumous deformation has increased slightly the prominence of the frontal 
eminences, especially that of the right side. The external angular process, 
as mentioned above, is very prominent. 

On the posterior surface the frontal fossae are alle marked and deep. 
But the outstanding feature of the posterior surface is the length and 
prominence of the central ridge, the “crista frontis.” This extends for a 
distance of at least 45 mm. above the foramen caecum, and at its lower part 
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had a depth of about 10 mm. It is not placed symmetrically in the skull 
as preserved, the right frontal fossa being considerably wider and larger 
than the left because of the oblique direction which the crista frontis 
follows. 

Of the orbital plates only the outer portion of the right plate is preserved. 
This has been slightly bent downwards and forwards posthumously so that 
the orbit appears to have a less volume than the true one. 

The total length of the frontal curve was probably nearly 150 mm. As 
pointed out previously, it is in the width across the forehead and in the straight 
—even slightly concave—sides of the frontals as seen in norma verticalis that 
the calvaria differs from the Cro-Magnon type. 

Temporal Bone.—The right temporal bone is preserved, lacking the upper 
part of the squamous wing which articulates with the parietal. 

The mastoid apophysis is feebly developed as in the man of La Chapelle- 
aux-Saints, but is well detached and projects outwards. The posterior border 
is peculiar in that it is excavated above, so that the upper half of the 
digastric groove is fully exposed in norma lateralis. In the Cro-Magnon 
type the mastoid process is more fully developed. 

The auriculo-mastoidean height is between 27 mm. and 28 mm. This is 
greater than that of the man of La Chapelle, but less than the minimum 
observed in modern races, and less than that of the type of Cro-Magnon. 

The digastric groove is straight and very deep—deeper, wider, and more 
horizontal than in the skull of La Chapelle. The petrous region is well 
developed. 

The glenoid cavity is shallow and comparatively wide, both the articular 
eminence and the post-glenoid process being of low inclination, although 
the latter is very clearly defined. The cavity is by no means as wide as that 
of the La Chapelle skull. In the Cro-Magnon skull (No. 1) the cavity is 
very much deeper, and the post-glenoid process is very much stronger and 
of steeper inclination. 

Perhaps the most striking feature of the bone is the length and strength 
of the supra-mastoid ridge. Above the external auditory meatus it is low, 
but behind this it becomes much stronger, and is still broad and well- 
marked at the suture with the parietal. ) 

A study of this bone, then, leads to results which seem to be somewhat 
inconsistent with those obtained from the skull-cap alone. All its features 
seem to point to a pithecoid morphology comparable with that of Homo 
neanderthalensis as exhibited in the skull of La Chapelle, while the skull- 
cap is comparable with the Negroid and Bantu types. The smallness of the 
mastoid process may point to the remnant being that of a female, but such 
an explanation is insufficient to account for all its features ; for example, the 
strength of the supra-mastoid ridge is insisted upon by several writers as 
being one of the characteristics of a degraded type of skull. 
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Although the temporal bone is not actually in continuation with the 
calvaria, an approximately exact position for it can be obtained from the use 
of a cast of the skull taken before development. Placing the temporal in 
the most anterior position possible, and doubling the half of the pre- 
auricular curve thus obtained, we get a minimum figure for the horizontal 
pre-auricular curve of nearly 280 mm. This places the auditory meatus as 
far from the front of the skull as in the Cro-Magnon skull and the large 
_ Skull of La Grotte des Enfants. Similarly, taking into due account the 
probable amount missing from the squamous wings of the parietal and 
temporal, we obtain a total sur-auricular curve of approximately 340 mm., a 
number which also bears comparison with those of the various Cro-Magnon 
skulls. 

Parietal Bone.—The nature of the parietal bosses and of the very 
striking median depression between them have already been indicated. The 
parietal length is about 139 mm., somewhat greater than that of the Cro- 
Magnon man. The median depression is broadest at the level of the 
parietal foramina and disappears at the top of the skull and at the 
lambda. é 

Most of the temporal ridge is missing, but on the remaining part of the 
parietal it is not well-marked. The bone is thick. Near the posterior 
inferior angle it has a thickness of 7 mm., at the parietal boss one of 
13-14 mm., and at the obelion one of 10°5 mm. The lower border is not 
present. 

A study of the figures of various median profiles given will bring out 
more clearly the relations of this skull to those of other known groups with 
which it might be thought to have affinity. Owing to the fragmentary 
nature of the remains it has been impossible to use the Frankfort base-line | 
for comparison, or even the line glabella-inion. The line glabella-lambda, 
however, which has been taken, gives fairly satisfactory results, especially as 
it is possible to continue the profile of the skull beyond the lambda. It can 
be seen that, although the parietal part of the skull in its slope has some 
affinity with the Neanderthal type, any real resemblance between the two is 
non-existent. The Boskop skull shows none of the flattening of the top of 
the cranium, none of the retreating forehead, and nothing of the tremendous 
brow-ridges which are all such striking characteristics of the Neanderthal 
type. 

The greatest amount of similarity is shown to the Bantu type and to 
the Cro-Magnon type. The shape of the forehead and of the front half of 
the head is almost paralleled in a number of Bantu skulls, of which the 
median profiles of two are presented. In no Bantu skull in the South 
African Museum collection, however, is there the degree of flattening and 
elongation of the posterior portion such as is seen in the Boskop skull. 
‘This feature is paralleled by the Cro-Magnon type which, save that it has a 
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slightly smaller basilo-bregmatic height, follows closely this new skull in 
general features. Now, the Cro-Magnon man is a prehistoric type of 
undoubted Negroid affinities, and it is possible that in the Boskop man we 
have a member of a race which ultimately developed into the Bantu type. 

Mandible.—The left horizontal ramus is preserved almost entirely, 
together with a somewhat incomplete second molar. The ramus is low 
The greatest height near the symphysis is 27 mm., and its greatest thick- 
ness at the same spot is about 13°2 mm., so that its “ indice de robusticité ” 
is about 50, a number greater than that of modern man and slightly less 
than that of the man of La Chapelle. 

The anterior face of the ramus reaches almost to the symphysis, and 
shows a slight, somewhat triangular symphysial ridge in the lower half. 
The alveolar border has been rubbed away to a certain extent on the front 
face, but it seems probable that there was a slight chin. The foramen 
mentale appears to be nearer the upper border of the ramus than it is to the 
lower ; but resorption of the alveolar border has gone on to a large extent, 
so that the alveolus for the first molar has been totally filled with bone. 

Owing to resorption, the upper external border of the ramus from the 
first pre-molar backwards coincides with the external oblique line. In the 
canine region the upper part of the outer surface has been worn away 
slightly. 

The posterior face of the ramus is not preserved quite to the symphysis. 
At the broken inner edge, about 8 mm. below the upper border, is seen a 
depression representing the left vascular foramen. Below this the surface 
is slightly concave for a short distance, and then swells to form the trans- 
verse convex protuberance which continues into the inconspicuous mylo- 
hyoid ridge. Below this is seen the outer half of the oval, elongate 
digastric fossa. The digastric fossa appears more on the posterior and 
less on the inferior surface than in the La Chapelle jaw, and was compara- 
tively small. 

The alveolus for the first incisor is missing; that of the second incisor 
(represented by its outer portion) is small. That for the first premolar is 
enlarged into a roughly circular hole with a diameter of 9 mm. Portion of 
the alveolus of the second premolar is preserved. 

The length of jaw in front of the molars—measured along the border— 
was about 33 or 34 mm. The first molar is, however, missing, and its 
alveolus is completely filled with bone. Radiographs of the Jaw fail to show 
any tooth fragments still remaining in the bone. ‘The premolar length 
cannot be absolutely determined, but it was essentially human. 

The second molar is partly preserved, together with the anterior part of 
the alveolus of the third molar. The total molar length was about 31 mm.—a 
length comparable with that of the modern European and considerably less. 
than that of the Grimaldi type, or even of the Australian. 
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The second molar measures 10°5 mm. in length, and has a maximum 
width of 95 mm. Its crown is not complete, but, as far as can be seen, it 
shows no trace of a posterior denticle such as appears in several primitive 
types. The second external denticle is large. 

The great length of the tooth compared with its width is a point of 
interest, even if some slight addition to the width given be made because 
of possible loss. In Bantu jaws in the Museum collection which possess the 
second molar the width is either equal to, or slightly greater than, the 
length, save in one instance, in which the tooth is 10°3 mm. long and 
10°15 mm. wide. In jaws of the Bush race the length and width of this tooth 
are approximately equal. In a semi-fossilised fragment of jaw from Harri- 
smith, recently discovered by Dr. T. F. Dreyer, and by whom permission has 
been granted for an examination to be made, the second lower molar is broken 
off at the alveolar border, where it has a length of 8-4 mm. anda similar width 
across the anterior portion. This jaw is rather striking, in that the width 
anteriorly is much greater than the posterior width, the anterior roots being 
strongly developed in a somewhat greater degree than is seen in other jaws 
of the Bush type, with which it seems to have most affinity. In the 
Boskop jaw, however, there is apparently no such great development of the 
anterior roots. 

One noticeable feature of the fragment is the thickness of the hinder part 
of the horizontal ramus. At the back of the second premolar it begins to 
thicken appreciably, so that at the level of the front of the second molar it is 
18 mm. thick, and at the front of the third molar about 21:5 mm. A 
portion of this latter must be subtracted as a correction for displacement of 
the outer surface. In the Grimaldi male skull the thickness at the second 
molar is 19 mm., a figure which M. Verneau points out is rarely met with 
even on the thick mandibles of the Neanderthal race. A Caucasian lower 
jaw in the possession of the South African Museum has a thickness of 
19 mm. at the second molar; but it is an extremely massive example, and 
possesses a thickness of 16°5 mm. at the foramen mentale, whereas the Boskop 
jaw only gives 14°5 mm. at the same point. 

It has been possible to gain a very nearly perfect idea of the shape of 
the jaw, which is striking on account of its obtuseness. Comparison with 
other jaws shows that the jaw is shortened nearly as much as in the average 
European of to-day. The jaw of the Grimaldi man is long and the arcade 
narrow ; in the Australian the arcade is more open, and there is a gradual 
widening of the jaws as we trace them through the Bushman and Bantu to 
the European. Simultaneously with the shortening of the alveolar border 
and the widening of the arcade there is a thrusting forward of the chin. 
The development of the chin in the Boskop jaw—although a matter open to 
dispute—seems to be approximately equal to that in the normal Bushman 
type, and somewhat inferior to that of the Bantu. 


10 Transactions of the Royal Society of South Africa. 


Study of the various fragments found, therefore, seems to lead to some- 
what diverse results. The temporal bone displays undoubtedly primitive ~ 
features ; the skull-cap seems closest in point of size and general characters 
to the Cro-Magnon type; the mandible appears to be in a slightly more 
advanced stage of evolution, and to be comparable on the whole to the 
Bantu. 


Nore UPON THE FRAGMENTS OF THE LIMB-BONES OF THE BOSKOP 
REMAINS. 


By R. B. THomson. 


The portions of the Boskop skeleton, other than those of the skull, have 
been submitted to me by Dr. Péringuey of the South African Museum for 
a preliminary report. | 

The fragments, as far as I can determine, consist of two portions of the 
femoral shaft, one part of each left tibia and fibula, and one part of each left 
radius and ulna, these latter four being in close relation to each other ina 
mass of what appears to be ferruginous laterite. All the fragments are 
petrified to a large extent. Inspection under X rays has been of some help 
since certain exposed portions of the bones are more opaque than the 
adjacent laterite. 

The upper fragment of the femur, which is possibly of the right side, is 
a portion of the shaft 131 mm. long, with a maximum breadth of 36 mm. 
The anterior and lateral faces are fairly intact, but the medial and posterior 
aspects are absent. Its condition is such that it is difficult to state not only 
to which part of the proximal three-quarters of a femoral diaphysis it may 
be apportioned, but also to which side of the body it may belong. 

The lower fragment of the femur belongs to the distal third of the right 
femoral diaphysis. It is 98 mm. long, with a greatest breadth of 46 mm. at 
its distal end. A1l the faces of this portion are pretty complete, the posterior 
one—planum popliteum—being the best preserved of all. Both epicondylic 
lines are distinct. 

The portions of the tibia and fibula are from the distal thirds of the 
diaphyses. The length of the tibial fragment is 90 mm. and that of the 
fibula 56 mm. 

The radius and ulna are both represented by considerable portions of the 
shafts, that of the ulna being represented from about a point midway 
between the coronoid process and the position of the nutrient foramen to a 
point roughly about 25 mm. (1 in.) short of the distal end. It measures 
155 mm. long. The radial shaft is more complete, is 188 min. long, and 
embraces that portion from the region of the lower part of the neck toa 
point well towards the distal extremity. 
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The position of the fragments of the bones of the forearm and of the leg 
to each other is worthy of attention. The radius and ulna cross the medial 
side of the tibia at an angle of about 30 degrees, the point of crossing being 
about the level of the nutrient foramina of the two forearm bones. This 
would appear to indicate that the position of the body after death has been 
an acutely flexed one of the lower limbs, with the left forearm lying ina 
supine position on the medial side of, and crossing the left leg. 

The positions of the parts of the thigh-bone or of the skull to the 
remainder I have not been able to ascertain. The position of the radius 
to the ulna would appear to be such that both bones have been rotated 
and approximated by pressure, so that the interosseous crests are 
directed forwards and prevent at present an estimation of the interosseous 
interval. 

Radius.—The degree of development of this bone cannot be described as 
robust, neither is there any marked curvature of the shaft. The index of 
the diaphysis taken just below the level of the insertion of the pronator teres 
muscle is 76°6, the greatest transverse diameter being 15 mm., and the 
greatest antero-posterior 11°5 mm. j 

For comparison the index of the La Chapelle aux Saints radius is stated 
by Boule to be 75, while Fisher gives a range of 61°5 to 90°9 for 
recent man (Annales de Paléontologie, tome vi, fasciculi 8 and 4, p. 131). 
The position of the tuberosity is at present difficult to define. It would 
appear, however, to be situate more on the medial side of the junction of 
the neck and corpus than on the anterior face. The interosseous ridge 
may be continuous with it. This ridge is the only margin of the bone well 
defined. 

Ulna.—The portion of the shaft represented is not strongly developed 
and is triangular on cross-section. The proximal end does not show any 
definite sign of flattening—platélenie de Verneau. The distal end requires 
more definite isolation from the laterite before an opinion as to the amount 
of curvature can be definitely expressed. 

Tibia.—This fragment would appear to be a segment of a fairly stout 
tibia, and shows a resemblance to the corresponding part of a cast of the 
tibia of Homo mousteriensis. It is definitely triangular on section with 
the usual large amount of compact tissue at this level. There is little 
evidence of platyenemia. Platycnemia when present affects to a more or 
less degree the greater part of the shaft of a tibia. I have endeavoured to 
obtain a platyenemic index of the fragment of this Boskop tibia belonging, 
as before mentioned, to the distal third of the shaft by comparing it with 
other tibiae at approximately the same level. 
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TasLeE 1.—Puarycnemic InpEx EstTimMatTEep at UsuatL SITE—VIZ. THE 
LEVEL OF THE NutTRIENT FORAMEN. 


Antero-posterior Transverse 


diameter. diameter. Index. 

Cast of Homo mousteriensis . . 32 ? 28 ? : 87°5 

1 European tibia . ; 38 28 ; 73°7 

1 8.A. Bush : 28 ; 19 O19 
1 markedly flattened tibia from sand- 

dunes, Gullane, N.B. ; 36 : DA 58°3 


TABLE 2.—PLATYCNEMIC INDEX OF THE SAME Bones ESTIMATED AT 
APPROXIMATELY THE SAME LEVEL IN THE DistaL THIRD OF THE SHAFT. 


Antero-posterior Transverse 


diameter. diameter. Index. 
Cast of Homo mousteriensis ; ; : 24, ! 24, : 100 
1] European tibia. ; 26 25 96-1 
18.A. Bush . ; Zi 18 85°7 
1 Gullane tibia ; 27 22 ‘ 81:5 


The index of the Boskop tibia at approximately the same level as in 
Table 2 is 96°5, the antero-posterior diameter being 28 mm. and the trans- 
verse diameter 27 mm. 

Fibula.—The fragment of the fibula is characterised by a large antero- 
posterior diameter 17 mm. 

Femur.—From the proximal fragment it is only possible to deduce that 
the antero-posterior curvature of the shaft has been well marked. There is 
no trace of the linea aspera, hence an opinion as to pilastré cannot be formed. 
I am not able to state whether superior platymeria is present or not. 

The distal fragment shows a distinct flattening, platymeria inferior, of 
the shaft from before backwards. This portion is from the shaft above the 
region of the patellar fossa, which has been observed in primitive femora. 
The anterior face shows on its lateral side the faint, rounded ridge which 
runs proximally from the lateral side of the patellar facet. The posterior 
face—planum popliteum—is the best marked part of this fragment. About 
72 mm. of this surface is represented bounded by distinct epicondylic lines. 
The planum popliteum presents one special character—viz. it is full and 
convex. | 

The exact site for a popliteal index—. e. 4cm. above the articular surface 
of the lower extremity—cannot until after reconstruction be ascertained. 
I have, however, endeavoured roughly to compare the dimensions of this 
part of the shaft of the Boskop femur by placing the fragment side by side 
with casts of the Neanderthal and Spy femora. It is possible, as it were, to 
fit the Boskop fragment into the diaphyses of these, and then measure the 
diameters at approximately the same levels. 
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Antero-posterior Transverse 


diameter. diameter. Index. 
Neanderthal cast ; 30 : 40 Go 
Spy cast. 32 43 74-41 
Boskop femur. 28 : ‘At 63°63 


The photographs appended have been prepared under the direction of 
Dr. Péringuey. In order that the fragments may stand out from the 
laterite, these have been lightly touched with white paint. 


Note on FRAGMENTS OF STONE FOUND IN EXCAVATING FOR THE 
Bosxkorp REMAINS. 
By L. Périnevey, D.Sc., Director S. African Museum. 


Mr. Haughton brought back a few fragments of sandstone with angular 
borders found partially encased in laterite in the excavation carried to a 
depth of nearly 8 feet over an area of about 25 square yards around the spot 
which was pointed out to him as being directly over the original position of 
the skull-cap of the Boskop man. 

A superficial examination was sufficient to reject most specimens as not 
being artefacts. Two which were thickly coated with the ferruginous 
matrix, with ends only partly showing, were very carefully developed, with 
the result that I can ascribe to them nothing but a natural origin. Man’s 
hand had no share in the shaping. 

One of these pseudo implements has truly a facies approximating to that 
of an artefact; but if shaped by man, the median ridge of the upper face 
should be sharp, whereas it is rounded and not continuous in the original. 
This is the only piece that might be taken as simulating a long flake, but it 
is an accidental simulation. 

However much I regret that no lithological evidence is forthcoming in 
connection with the find of the Boskop man, I find it impossible to consider 
any of the fragments of stone found in the breccia as being artefacts. 
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EXPLANATION OF PLATES. 
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PLATE I. 
FIG. 
1. Boskop skull-cap. Norma lateralis x 0°67. 
2. Boskop skull-cap. Norma occipitalis x 0°67. 


PLATE II. 


1. Boskop skull-cap. Norma verticalis x 06 
2. Boskop skull. Temporal bone. Outer view x 


PLATE III. 


. Boskop lower jaw. View of left ramus from above x 1. 

. Boskop lower jaw. Side view of left ramus x 1. 

. Lower jaw from Harrismith, O.F.S. View from above x 1. 
. Lower jaw from Harrismith, O.F.S. Lateral view x 1. 
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PLATES IV.-VII. 


Diagrams showing comparison of Boskop skull-cap with skulls of other known 
types by drawings of the median profiles of various skulls on the line drawn 
from the ophryon to the lambda. All the figures are drawn to natural size. 
Plate IV. Comparison with Neanderthal type. Plate V. Comparison with Cro- 
Magnon type. Plate VI. Comparison with Bantu type. Plate VII. Com- 
parison with Bush-Strandlooper-Hottentot types. 


PLATE VIII. 
Portions of limb-bones of Boskop skeleton. 
1. Portions of tibia, fibula, radius, and ulna in a mass of laterite. The part of the 
ulna is not yet exposed x 0°8. 
2. Cross-sections of the shafts of the radius and ulna at the level of the insertion of 
the pronator teres muscle x 1. 
3. Portions of tibia and fibula, anterior aspect x 1. 


PLATE IX. 
4, Large part of the laterite removed, exposing the portions of the tibia, fibula, 
radius, and ulna x 0°8. 
5. Portion of femur from proximal three-fourths of shaft; anterior aspect x 1. 


' PLATE X. 
6. Portion of femur as in Fig. 5. Side aspect to show curvature of shaft x 1. 
7. Portion of right femur from distal part of shaft, anterior aspect x 1. 
8. Portion of femur as in Fig. 7. Medial aspect, showing fulness of planum 
popliteum x 1. 
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Plate IV. 
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Plate VI. 
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Plate VII. 
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Fic. 2.—Cross sections of the shafts of the 
radius and ulna at level ofthe insertion 
of the pronator teres muscle. 


Interosseous t-laterite 


> ee Radius 


proximal ends 
x 


fibula 


Fig. 1.—Portions of tibia, fibula, radius, and ulna in 
mass of laterite. The part of the ulna is not yet 
exposed. Fie. 3.—Portions of tibia and 
fibula, anterior aspect. 
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Fie. 5.—Portion of femur from 
proximal three-fourths of 


Fie. 4.—Larg rl 
IG arge part of laterite removed, shaft; anterior aspect. 


exposing the portions of the tibia, 
fibula, ulna, and radius. 


Plate IX. 
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Fie. 7.—Portion of right femur 
from distal part of shaft, anterior 
aspect. 


x Antertor 
fuce 


Fie. 6.—Portion of femur 
as in Fig. 5. Side aspect 
to show curvature of 
shaft. 


Proximal end of 
fragment 


---planum poplit feum 


Fie. 8.—Portion of femur as 
in Fig. 7, medial aspect, 
showing fulness of planum 
popliteum. 


Plate X. 
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NOTE UPON THE ENDOCRANIAL CAST OBTAINED FROM THE 
ANCIENT CALVARIA FOUND AT BOSKOP, TRANSVAAL. 


By G. Exvuior Smiru, M.A., M.D., F.R.C.P., F.R.S. 


(With Plate XI.) 


Dr. Péringuey has submitted to me for examination and report a plaster 
cast representing the form of the cranial cavity of the skull-cap from Boskop 
described by Mr. 8. H. Haughton. - Unfortunately Iam labouring under the 
disadvantage of not having seen the calvaria itself, or even a model of it ; 
and experience has strongly impressed upon me the importance of studying 
the cranium itself when attempting to interpret the significance of a mould 
of its interior. However, I have to thank Dr. Péringuey for allowing me 
to see the proofs of Mr. Haughton’s interesting preliminary note on the 
skull-cap. 

Under these circumstances all that I propose to do at present is to write 
a note upon the intracranial cast, which I shall consider more fully when I 
have had an opportunity of examining a cast of the calvaria itself. 

The mould submitted to me by Dr. Péringuey reveals the form of that 
part of the cranial cavity which is bounded by the greater part of the 
frontal, more thaw two-thirds of the parietals, and a small area of the upper 
part of the occipital bone. Its maximum length attains the remarkable 
figure of 197 mm. The lack of the lower parts of both parietal bones 
makes it impossible directly to measure the maximum breadth, but it must 
have been at least 143 mm. 

The breadth at the coronal suture, the position of which is clearly defined 
on the cast (Plate XI, fig. 1),is 118 mm. In the absence of the base of 
the skull it is not possible to record the actual height of the cranial cavity ; 
but, according to Mr. Haughton’s projections, it must have been a little 
ereater than the corresponding measurements of the Cro-Magnon man and 
the loftiest of the skulls (Spy II) representative of the Neanderthal group, 
and approximately identical with that of the mean of twelve Bechuana 


crania examined by him. 
In view of the great breadth of the Boskop skull, however, the intra- 
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cranial cast is relatively remarkably flat, and at first sight presents a 
considerable general resemblance to those of the Neanderthal group. In 
using the term “ flat,” I refer not merely to its lowness, or relative height, 
but also to the remarkable flattening of the upper surface of the cast. The 
latter feature is more pronounced in the Boskop mould than it is in that of 
the Neanderthal, or even of the Chapelle-aux-Saints, cranium. In the cast 
of the Neanderthal calvaria there is some flattening of the posterior parietal 
region, but the anterior parietal area is fairly convex. In the Chapelle-aux- 
Saints cast there is more pronounced flattening of the upper aspect of the 
cast. But in the Boskop cast there is a much more extensive plane 
surface. 

In spite of these superficial resemblances to the Neanderthal group 
of specimens there are even more significant points of difference. Although 
there is a lack of fulness in the middle third of the frontal area—a feature 
which is found in many modern Negroes—the frontal poles present the 
ample rounded form (Plate XI) that is distinctive of the cranial cast of 
Homo sapiens (from the time of Cro-Magnon man onwards). 

The noteworthy shortness of the sagittal suture in the Neanderthal 
group is not found in the Boskop cast. Upon the intracranial cast of the 
La Quina skull the bregma is 102 mm. distant from the lambda, as measured 
with callipers; and in the Gibraltar, Neanderthal, and La-Chapelle-aux- 
Saints casts definitely less than 100 mm. In the Boskop cast the corre- 
sponding measurement is 117 mm., a figure identical with that of the 
so-called Aurignacian cast described by Klaatsch, and strictly comparable 
with the conditions found in modern dolichocephalic man. 

The remarkable size of the spheno-parietal sinuses in the Neanderthal 
cast, which is not without a parallel in moulds of many brachycephalic 
modern crania, is not found in the Boskop specimen, in which the meningeal 
ridges are only faintly marked and small in size (Plate XI, fig. 2). 

As regards the form of the brain surface, the cast provides us with 
singularly few indications. The greater fulness of the left occipital pole, 
which has pushed the right pole aside, agrees with the conditions found in 
most cranial casts of right-handed men, ancient and modern. 

To sum up the information afforded by this cast, its great size no less 
than its distinctive configuration present a marked contrast to the conditions 
found in the modern inhabitants of South Africa. Its features present a 
curious blend of those which are regarded as distinctive of Mousterian and 
Aurignacian types of men respectively; but whereas the general form 
presents certain resemblances to the former, in all essential respects the 
cast conforms to the type represented by the Cro-Magnon man of Western 
Europe. 

It must not be assumed, however, that the Boskop man necessarily 
belongs to the same type or age as Cro-Magnon man. The primitive type 
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of Homo sapiens was, I believe,* evolved from a group that was akin to, but 
not identical with, Homo neanderthalensis. Beyond the fact that neither of 
these races or species of humanity was evolved in Western Europe, from 
which alone the relics of their probably modified descendants have come 
down to us, nothing is known for certain as to their origin. There are, 
however, certain facts which suggest that the original home of both 
offshoots from the common human stock may have assumed their distinctive 
characters somewhere in the neighbourhood of the link between Asia and 
Africa. It is possible, or even probable, that in the course of their migra- 
tions to Western Europe either or both types of man may have undergone 
changes. In other words, there are no grounds for assuming that early 
human remains found in South Africa should necessarily conform to either 
the Mousterian or the Aurignacian type of mankind. 

Whatever the date of the Boskop remains may be, the evidence now in 
our possession suggests that this early inhabitant of the Transvaal represents 
the type of the immediate ancestors of the men of the Upper Palaeolithic 
(or, as I prefer to call it, the Neoanthropic) Age, possibly somewhat modified 
in the course of his southern migration. It probably represents the earliest 
(not necessarily in actual age) known phase of Homo sapiens in the course 
of his transformation from a condition analogous to that of Neanderthal 
man to that of Cro-Magnon. 

When I have access to the calvaria itself I shall return to the con- 
sideration of the cranial cast and enter in greater detail into the critical 
discussion of the points hinted at in these general speculations. 


* In my full report upon the Boskop cast I shall set forth the reasons for adopting 
this view, which differs from that of most recent writers (some of whom regard 
Neanderthal man as the representative of a distinct phylum extending. back to the 
Heideberg man). 
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DESCRIPTION OF PLATE XI. 


Fig. 1. Upper surface of the Boskop endocranial cast x 2. 
2. Right side of same. 
3. Left side of same. 


Trans. Roy. Soc. 8. Afr. Vol. VI. Plate XI. 


Adlard & West Newman, 
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ON THE DEVELOPMENT OF THE PERTURBATIVE FUNCTION 
IN THE THEORY OF PLANETARY MOTION. 


By R. T. A. Innes: 
(Read April 19, 1916.) 


In the Transactions, vol. 11, part 3, pp. 301-317, 1911, I have a paper 
upon the Newcomb operators used in the algebraical development of the 
elliptic perturbative function. The present paper deals with a further 
extension of the uses of these Newcomb operators. At best the develop- 
ment of the perturbative function is a very cumbersome business, and 
reference must be made to Newcomb’s original paper in vol. v. of the 
Astronomical Papers of the American Ephemeris for a full statement. On 
p. 15 Newcomb quotes his remarkable theorem by which the operators, 
acting on the development in powers of e, combine with the operators 
acting on the development in powers of e¢,, e and e, being the eccentricities 
of the inner and outer planets respectively. The operators connected with 
e he writes as 11”, those with e, as Il”, and he proves that 

1 = TV X Mo, 7 
These operators consist of a string of differential coefficients of the Lap- 
lacian functions bi or a’A,. 
Thus we have— 
811075 = [813 + (47? — 21)D + (— 24 —1)D? — D*)p,, 
in which— 
d 


Operators which are factored by powers of o2 = sine squared half mutual 
inclination of orbits are indicated by the affix / thus : em 
Js 
Unfortunately Newcomb only shows how the operators can be combined 


symbolically, and therefore in numerical work it is necessary to consider 
the eccentricities of both orbits simultaneously. 
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It appears, however, that an extension can be made. It will be proved 
that if we possess a development of the disturbing function in which one 
of the eccentricities is supposed to be vanishingly small (in fact zero, but 
with a place of perihelion), we can include the effect of the second eccen- 
tricity by a series of simple operations. Thus, starting with a development 
with e = 0 and e, = e, we can arrive at the complete development for 
e and é). 

Newcomb writes any term of the development as follows : 


I 
ele o2*P,, W(i)C(i'q' = ig aie 6), 


in which— 


k k 
By, = lj, + Za tle a erty’ + terms factored by e', ee, et, ete. 

In applying the new method it is a matter of choice which eccentricity is 
assumed to be zero. If each in turn is taken as zero and the two partial 
developments completed, then an independent check is furnished. Generally 
as []o,;’ is larger than []; it will be better to assume that e, the eccentricity 
of the inner planet, is zero. 

Implicitly the method not only computes the development, but also its 
derivatives ; but as these are actually wanted, it is so much to the good. 

If we suppose that e, is zero, we will indicate the fact by replacing the 
upright P used by Newcomb by a slanting P; if e is zero, we must add a 
dash so as to distinguish between— 

Poo = Vo,o + e113 + e*L]g’g + ete., 
and— 
Poe = [loo -- Cling + ellis + etc. 

Assuming now that e, is zero, any term in the development takes 
this form— 


P, (2) Cli’ + (—itjat iw'—w) + 0)w'+ w)] 
1 
P 
1 


+ Pye G@—-1) Clit (-i+jg+ G-DW'— wv) + lw't w)] 
+ P__»(—-i—VC[ig’ + (—t+)94+ 04+ DW—- wv) - lw w)] 
+ Pra 2) Clig + (Hi + Dg t+ G— Dw wv) + (w't wy) 
i paie: i—2)Clig' t+ (—itdg+ CG + 2) — w) — 2(w'+ w)] 
4 


etc., etc., etc. 


k 
We cannot write down the general expression for P;, but we know it 


contains a series of terms— 
Ik k I i 
0 Os 
nN, + eT] as Cad = ete: 


* Leaded C indicates “ cosine.” 
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Y 
The question is if we operate on P; with say the Epa o ion 


9 eh +14 ey which reduces []j,0 to [];,1, etc., so as to obtain a, can we 
we include Py j—-2% In this operation ? We can see that this is so for 


k 0 
j positive because the operator [I,(7) is equal to the operator II,(¢) if 7 is 
replaced by i—k. This will also include the negative suffices, because we 


k k 

pass from [], to II_; by replacing i by —(i—2k). 
Hence— u 

Bere (2h) Say @ = B) 


Similarly for the external planet the operator [] (i) is equal to 


0 

I] (@-+ 2k), 
and— b b 
oes aan —= 1 = k) == Po,j' + an(@ — ke). 

Hence when we have reduced each term to the form— 

0 ~ 19 
PC§ Cig’ + ig) — PS6 S(i9’ + ig)* 
1 1 
PCOé C(i'g’ + ig) — PSO’ S(i’g’ + tg) 
PC8'C(i'g' + ig) — PSé’S(’g’ + 9) 
we can operate on the sum so as to include the effect of the eccentricity 
of the outer planet—and vice versd. 

As already mentioned, an absolute check is obtained by considering 
firstly one eccentricity nil and then operating, and then considering the 
other nil in its turn and operating. The resulting sums for each term must 
be identical, and they will be so if all sensible terms are included and the 
calculation is correct. 

Each operation introducing e removes the term from the argument 
i’g’ + ig to the next argument 7’g’ + (1+ 1)g, and the introduction of 
e” removes it n times. 

As an example we give a portion of the process as applied to some of 
the terms which go to make up the great inequality of Jupiter and Saturn. 

Suppose, firstly, that Jupiter’s orbit is treated as being without 


eccentricity, 
We have then-— 


Pos  (2)C[5g” — 2g + (w’ — w) +0(w’ + w)] 
+ e2 "Po (8)C[5y’ — 2g + B(w’ —w) + 1(w’ + w))] 


+ Peseh -(4)C[ 5g’ — 29 + 4(w’ — w) + 2(w’ + w)] 
+ terms of the 9th order. 


* Leaded S indicates “ sine.” 
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Into these coefficients, and until they are insensible, we introduce the 
powers of e by grerasee) ai with TI; = #(— 16+ D + re then with 
IIj: and so on. 

If these results are added together, the effect is to change P into P. 

The next coefficient will arise from the term— 

ei Po2(3)C[ 5g’ — 8g + 3(w’ — w) + O(w’ + w) | 


+ oP y (AVC 59! — 38g + 4(w’ — w) + 1(w’ + w)] 
+ etc. 
In this case the succession of operators is ef} + e391]? + e51]1°+ etc., and 
SO on. 
Similarly the term starting with— 
Poa(1)Cl5g9’ — 9 + (w’— w)], 
when operated on with ef], + e1°, + etc., 
will give the coefficient P_1.4(1) ete., ete. 
In practice each term PC[ 5g’ — ig + 6] will be brought to the form— 


Pow COC[ 59’ — ig] — PowSOS[59’ — ig] 


and all the coefficients PCO, PCH, etc., summed so that we have finally— 
SPo,wCdCl5g9’ — 1g —] 3 PowSOS[5g9’ — ig]. 
Then the operator which starts with e"[1) + e+ 2717 t?° 4 etc., acting 
on this sum will yield us— 
TP i wCOC([59’ — (i — n)g] — SP, woOS[ 59’ — (i — n)gq], 
which is complete in P,, ». 

In thus making a complete expansion of the perturbing function and its 
derivatives, the saving of labour will be great. In Newcomb’s and Le 
Verrier’s expansions each coefficient requires a separate and sometimes very 
lengthy computation, whereas, as just demonstrated, blocks of coefficients 
are computed in one process. The machinery by which the other eccentricity 
is introduced is uniform throughout and simple. Moreover, it is more 
inclusive. In algebraical expansions of the perturbing function, the com- 
putor must decide at what limit he will stop. In Le Verrier’s theory of 
Jupiter and Saturn, he adopted roughly the 4th and 5th powers of the 
eccentricities. In other words, he was satisfied with such an expansion as— 


eMoy + eMot + ee, 091 + e?ot + ete 119'3- 
The new method starting with— 
egy + eot + elon, 
which is the same order of approximation, will at the first operation 
introduce— 
e? Zero + ¢@ Co a + erenllei: 


The Theory of Planetary Motion. 23 


The next operation indicated by [9% introduces— 
ete Tg + ete Ho + etep lot» 
and so on, and of these Le Verrier only included the first of each. The 
point is, that with exactly the same labour as Le Verrier used for the lower 
terms, we introduce in addition a crowd of higher terms, some of which may 
be sensible. 

Newcomb, on pp. 27-82, gives the expressions for the operators []; and 
Ty so far as regards development to the 8th powers of the eccentricities— 
these or the modification of them already given in Transactions, vols. ii, 
part 3, and iii, part 2, 1911 and 1913, must still be used; but the tables for 


eee which Newcomb gives on pp. 52 to 42 are not required. Similarly for 


k 
the 1]. The number of pages involved shows pretty closely the ratio of the 
saving—viz., as 44 pp. are to 10 pp. 

JOHANNESBURG, March 27, 1916. 


P.S.—The process outlined above can be generalised. If we have any 
development involving the distances of two planets from the sun, and 
suppose both eccentricities to be zero, then the effects of the eccentricities 
can be introduced bit by bit so far as they are sensible. Thus, if with 
eccentricities zero, we have a term 

f(a)C(i’g’ — ig + 8) 
then the Newcomb operator P,,, will introduce the effect of ej e,j’ and 
change the angle from— 
vg’ —ig + 8 
i —— 
Cae Ong: = 77) OnE 
A numerical example of this new view of the use of the Newcomb operators 
will be found in the Astronomical Journal for June 30, 1916. 
September 9, 1916. 


ns 
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NOTE ON THE IONISATION PRODUCED BY DEGENERATING 
NERVE-MUSCLE PREPARATIONS. 


By J. STEPH. VAN DER LINGEN. 
(Read May 17, 1916.) 


When organic matter degenerates certain chemical changes take place, 
and thus molecular and atomic disintegration may occur. 

In order to discover whether ionisation is produced during this process 
the following experiment was carried out. 

A nerve-muscle preparation was placed on a glass slide immediately 
above a disc which was connected to the leaves of an electroscope (see Fig.). 
The carrier was suspended in a bell jar by a glass tube which passed 
through the cork. 

Another glass tube terminated immediately over the preparation, so that 
a current of air could be pumped over the preparation. 

In order to stimulate the muscle two electrodes were attached to the 
carrier, the connecting wires passing through the glass tube. 

To prevent the air-current from escaping through this tube the outside 
end was closed by clamping a piece of rubber tubing attached to it. 


OBSERVATIONS. 


(1) The rate of discharge of the electroscope before the preparation was 
placed on the carrier was recorded. 

(2) The rate of discharge when the preparation was placed on the carrier 
was recorded. 

(3) The rate of discharge during, and immediately after, stimulation was 
recorded. 

In observations (1), (2), and (3) no appreciable difference was found. 

The preparation was then left in sitw for six hours, and the observations 
repeated. 

In (8) the muscle showed no response to stimulation. 

In (2) the discharge was in excess of (1). 

After passing a strong current of air over the muscle there was no 
appreciable discharge for five minutes, after which a gradual discharge set in. 


7o Induction Coil 


a— lamped Rubber Tubin 1g 


—_- To Pump 


Preparation 


Lt- Carrier 


7o Earth 
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These observations were repeated after one day. 

The rate of discharge increased, 7. e. it was greater than after six hours. 

On the second and third days the discharge seemed to have attained its 
maximum. 

We hope to confirm these results by a svstematic study in the near 
future. 

In conclusion we wish to thank Dr. Beattie for placing the apparatus at 
our disposal. 


NOTE ON PFAFFIANS CONNECTED WITH THE DIFFERENCE- 
PRODUCT. 


By Srr THomas Murr, LL.D. 
(Read April 19, 1916.) 


(1) In the year 1886 Torelli announced* without proof the identity 


| (a eu a, jen) (a, =o (ih) ils | aay (a, ae 2m 21 
(ay ae hes ate sat (ay al Gan eta 


(dant a Aamo oa 


== bam +)) (2m —1), Qm—1),... (2m — VW) m1] a, a ae 
where (2m —1),, (2m — 2),, ... are the coefficients of the expanded 


binomials. Probably the easiest way to establish it is to make it dependent 
on Zehfuss’ double-alternant theorem 


l(a, ae) (Ga 05)" 2. 2. (On se by)” | 
=e art) (a —1)5(z—1),-«.\(n—1)n-1-. G(s. - =» 5 Gn) GH, ~ « On) 
Putting in this n = 2m, b, = — a, the determinant on the left becomes 


zero-axial skew, the binomial-coefficients become even in number with the 
first half the same as the second, the two difference-products become 
identical save as to sign, and the additional sign-factor thus introduced is 
the same as that already there. The extraction of the square root is thus a 


simple matter. 


(2) As a first step forward from this let us examine the consequence of 
putting in it az, = 0. On the right-hand side the determinant, whether we 
view it directly as such or indirectly as the difference-product, is seen to be 


naturally separable into two parts, namely, 
1 2m — 2 | é 


Cea ay... drm) and | a, ON OR) A 
but on the left-hand side there is no corresponding appearance of resolva- 


* Giornale di Mat., xxiv, p. 377. See also Muir’s textbook (1882), pp. 206, 240, 
ex 15. 
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bility. On examination, however, it is found that the elements of the last 
frame-line, namely, 


2 2m—1 
Ge a ane a eel eC 
may be all changed into | if we simultaneously annex 
a4. --A2m-1 


to the Pfaffian as a factor; for example, when m = 2 we have 


3 Spe 

(a, —a2)* (a, — a3)? aly = | (a, — a) (a, — ag)? LY] cages. 
(a2 — a3)? a, (a, — az)? 1 
a® if 


3 


On the removal therefore of the common factor a,a9...a2,-1 we obtain 


| (a, a= anes (a, ae A, )2m—1 heey (a, Em 3m —1)2"~1 1 
(ag ae: dig) ith 0 (a, ae Ty sesh) ] 

(2m -2— De wee ae if 

] 
= (— 140 69429,8m—L),(2m—Np..2m—D na a a 


2m —2 


1 
pre Uy ea 


(3) It should be noted in passing that there is a theorem in determinants 
corresponding to the lemma used in the foregoing, namely, when m is 2, 


(a, +b,)3 (ay + bg)? (ay + 8)? a 
(@2 +1)? (ag + bz)? (ag +b, )8 ar, 


(a3+b,)? (az + b2)* (a3+ 63)? a, 
3 3 3 


= Ay lgits . by babs 


(a, +b)? (a, +b.) (a, +s)? 1 
(Ag+ b1)? (ay + bg)? (Gg+ b)° if 
"(ag +0,)8 (a+ b,)8 (a5 + 04)? I 


b b, b, ] 1 1 
the determinant on the left being equal to 
a, Sa" BY, 1b, bi b* 
G, 30, daa ILA Oe 
2 36 
a, 3a, 3a; | aT O nbe = OF 
1 1 
and the determinant on the right equal to 
a, 80, aye! Hb obo webs 
a, 30s dsl TE tin ts 
a, 3a" 3a, 1 Ws b, bs 
] 1 


Pfafiians connected with the Difference-Product. ai 


Indeed a series of identities can be obtained in this way by giving different 
positions to the units in the last rows of the multipliers; and from this 
series can be deduced another, namely, in the case of the third order, 
(a—p)) (ay) a 
(B= ere 
We 
has the equivalents 
Zl a%ply |, | a®Bly3], | a B2y3], 3] alary3 | 


when s is 0, 1, 2, 3 respectively. 


(4) In the double-alternant theorem above used the index of the power 
to which each binomial is raised is | less than the number of variables in 
each of the two sets. When the index is the same as the number of 
variables, that is to say, when the determinant is 

| (a, + B,)” (ag + bg)”. - - (Gn + bn)* | 
no useful outcome is obtained by putting b, = — a,; for, when n is odd, the 
resulting zero-axial skew determinant being of odd degree vanishes, and 
when n is even the resulting determinant is not skew. 

When the index is 1 more than the number of variables, one case is 
unfruitful and the other not. For if n be odd the determinant 


(Gy 0)" (ag Pt a OY 
is not skew, and if » be even it is both skew and of even order. Calling the 
three alternants spoken of 
DD, a = 1p Dn 719 D,, 2 api 
we may note the general conclusion that D,,, for the substitution 
b, = — a, becomes the square of a Pfaffian when n is even and p odd. 


(5) The theorem that is available for our purpose in regard to D,,, n41 is 
one that appeared in the Transac. R. Soc. S. Africa, ii (1912), p. 182. For 
n =A it is 


Dy sh aes |e DS MMOS PST mer 
oie ay ; —-5 —Sa, 
= a, : —10 Dad, 
Daj,a, —10 — La, AgMty 
— Tay Aqtz; —S UH Aah 


MyM, — Xb, — Bbyby — Bdjbyb; by byhsby 
where es es stand for the difference-products of the a’s and b’s respectively. 


When in this 6, is put = —a;, and the even-ordered rows have their signs 
changed, the right-hand member becomes, like D4. 5, zero-axial skew, and 
we deduce | 
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| (a, — )° (a, —a3)° (a, —a,)> | = oI 1 Za, Layag TayAgts ayAygtty 
(dy — a3)? (ag — a4)? 5 2a} 
(a3 — a4)? ut ; 20449 
2A] Agtts 
Aj Anz, |- 


This, for shortness’ sake, may be written 
‘i L 
Fass = Ot] 1 C) £9 Cz Cy] 
ae We 


—1l0..6 


and with the same notation the next case is 


fo,7 = S| 1 Cy Cg C3 Cy Cy Cg 


5 ae 
Somme) bcs 


the general theorem being thus evident. 


(6) On account of the number of their zero elements the Pfaffians on 
the right may be condensed into the forms 


| —10 —5e, eg ; : . =—21l —7e,c, 
a= ey (en 35 . = (ly €3 
6e,— Cs — 7esC4 
— 7eyc; 
Beg — CyCs 


where, however, the law of formation is not quite so evident. If we divide 
every element outside the last frame-line by 5 in the one case and by 7 in 
the other, we are thereby removing the factors 5, 77, respectively. This 
suggests a third form, which in the next case is 


8) 5 oa eae cic, 
Daa — CyC3 
—-1l4 .... — C30, 
— CAC; 
— C5€¢ 
— C67 
10c8— c,c, 
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The final expansions are 
—_ 5(e, — d¢,c, + 12c,), 
49(3c, — Bee, + 20e,c, — 120¢,), 
13608(2c, — Sexe; + 10cy¢g — 85c,0; + 280c,). 
(7) At this stage we meet with a very curious relationship, the 
bracketed expressions just written being found to make their appearance 


in a totally different connection—namely, as playing a lke part in the final 
expansions of zero-axial skew permanents of the form 


| Oy Og Oy ae Os 
a 


ot ye wie: e668) F ef ie) Vie) ee ee Oy et Deis ye; ve” 19: Fer" 


In order to show this it is at ep as easy to find the expansion of the 
more general permanent 


This we can express as the sum of 2” permanents with monomial 
elements, the best mode of arranging them being in accordance with the 
number of columns of a’s and the number of columns of 6’s which they 
contain If the elements be all a’s, the value of the permanent is 

Mi! S OGy.. On; 
if there be only one column of b’s the value is 
bp (— 1)! Sa,4).2.Gn 1, 
and the sum of all such is 
(wn —1)! Bd, . Bayay...dn-15 
if there be only two columns of b’s the value is 
bpd, . (1 — 2).! Yasay...dn-2, 
and the sum of all such is 
2! (1 — 2)! Bb,b, . Dayay...an—2; 
and so on, the last term, the (n + 1)*®, being 
; nw! byby...Dny 
and in general the nt? term from the end poe formable from the n‘» term 
from the beginning by interchanging the a’s and’ b’s. The expansion can 
therefore best be written in bifold form 
3 
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1! faQ,..:0n + d,b,...bn} 
+ (mv —1) 11! {Sajay..cdn-13D0) + Ba, Dd by...0n— 
+ (n— 2)! 29 { Sayag..:dn-2Bbib, + Saya,Dbyby...bn-1} 
ste rae . = ane 
the number of such double terms being $n when n is even and 3(n + 1) 
when n is odd, but there being also in the former case a unique single 


term. 


(8) If now in this we put b,= —a,and take n = 2m, the left-hand 
member becomes a zero-axial skew permanent, and the right-hand member 
becomes 

2-(2m)! aydy...ttam \ «  2(2m)! com 
= 2°(2m = 1) ! DSAzAy...dam 1 . =a, sae: 2°(2m a 1) C2m-~1€] 
++ 2°(2m — 2)! 2! Saydg...dam—3. Saya, > or + 2(2Qm — 2)! 2! Com—ae, 


— 


+(—1) m! m! (Sauy...a,)2. ° + (— 1)"(m!)?c;,. 


—_— . . e 


(9) When im is 2 this expansion is 
Ade, — WBlese, + (2! 25. 
a. e. Ae; — 3¢,¢, + 12¢,); 
when m is 3 it is 
26 lo, — 25! ese, + WAI! eye. — (8! 2, 

i.e. — 12(8e; — Bee, + 20c,c,; — 120cg) ; 
and when m is 4 it is 

288 (2c, — Bese; + 10eyeg — 85c,c; + 280cg); 


where the bracketed expressions are exactly those at the end of §6. We are 
thus face to face with the curious identities 


ae + 
—10 —te, 6 = A — Ay Ay — Ag ,— Ay, 
— C2 Cz Ag — Ay . Ay — As Ay — 4, 
6¢,—CjC3 Ag—, Az—A, . Ag—Ay 
Ag — Ay A= Ay A,— Ag 
ai ae 
= —%e, Cg SS Bale 2) Ge Sool hie 
Sy) —Vo C2 Ay — A, . Ay— As...dg— Ag 
—Ve, Cy lz — a, a> — Ay ds — He 


Beg — C1 Cs Ag — A, Ag— Ag Ag— Ms... 


Pfafians connected with the Difference-Product. aie 


= + 
—36 —9e, 65 = 182 Ay — Ag a — as 
84, — 9c, Ce by — ay Ay Ag 
—9ee ¢ 


No direct mode of establishing them seems available, and the problem is. 
not made easier by expressing them in terms of the differences of the a’s 
only: namely, for example, 


a ae 
(a, —a2)* (a — a3)? (4-44)? | = — 3} BA Sg A ek ae 7 
(ag—a3)° (ag— a4)? CAS 2) lye a Ura Ey 
(a3 — a4)? seme Ss 2) ee 3 0G 
y— A, M4—Ag%—A, . Yt, 
or, generally, 
| (a — ay)?" +1 (a, — ag)?mtl . . . (a) — Gam)?mt? 
(ay — ag)2"41 . . . (ty — gm)?” 42 


==)( Nae ])d(m-D) MZ}. A, — Ay an Ay — Ag ++ Ag — Am 


@) 0.0) Cel (e.)°6 (0) 0. e, © _-e. ‘© (© 6 6 ‘eo "e ‘ee « « @ “« 


where the arithmetical multiplier M is 


ate (2m +1), (2m +1),... Qm + 1)m-1. 


(10) As the permanent on the right in the preceding is the same as that 
which occurs in the result obtained on making our usual specialisation in 
D,;n, we can eliminate it by division, and so obtain a relation between an 
axisymmetric determinant and a Pfaffian; for example, 


(a1 —ay)* (a —a3)4 (a1 — 44) 
(@—a,)* (a, —a3)* (ag—a4)* ‘oS 
(a1—a3)*(a,—a3)* (a3—a4)4— 
(a1 —a4)* (a, —a4)* (43 — a4) 


— 780 (41 —a2)° (a1 —ag)® (a1 —a4)5 | 
(a@y—a)° (a@g—a4)? 
(a,—a,4)° 
Similar procedure in connection with the theorems of §§1,9 gives the 
quotient of two Pfaffians in terms of a zero-axial skew permanent. 
Note should also be taken of the theorem derived after the manner of 
§2, the lines of units now extending, however, to the permanent on the 
right ; for example 
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aR + 
| (a1 — a9)> (a1 — az)? LJ =FO : ay— a, a— a, 1 
(dg— a3)? 1 aj—a . A,— a, 1 
] a3 — A, A, — Ay i 
—-l —-1 —1 


(11) In connection with §4 we had occasion to note that, when the 
permanents to which we were there led were of odd order, they had the 
value 0. On investigation it was found to be generally true that zero-axial 
skew permanents of odd order vanish. Probably the simplest proof is grada- 
tional. Thus, the theorem manifestly holding when the order is the 3rd, let 
us examine the case of the 5th order, say the permanent 


te S 
: a b or @ 
—a e aaa! 
—b —e ; h a 
x ll J 


—-d -g -t -j 
Taking binary products of the elements of the first row and the first column 
we see at once that the cofactors of — a2, — b?, — c®, — d? are all 0, and that 
the cofactor of any other product is the sum of two three-line permanents one 
of which is the product of the other by (— 1)? and thus cancels that other. 


(12) As for zero-axial skew permanents of even order our only incidental 
result concerns the bordering of 
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whose value is 
a? f? + be? + cd? + 2afbe — 2afed 2becd 


or 
|« b cl? +4 | af cd be 
de cd af 
f be |, 
namely, the common element of the bordering lines being 0, 
| | i | 
ee ae | ( ee )( FX, eat a, cb, oat, a ) 
MARGE g where 
iter, naa ow i= — aj -- be + ed 
ON ieavG: Some eee: M= af+be+cd 
N= af + be + ed. 


‘CaPE Town, S8.A.; December 28, 1915. 
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OECOLOGICAL NOTES ON THE DISTRICT OF MANUBIE, 
TRANSKETL. 


By W. T. Saxton. 


(Communicated by L. Pf&rinauey.) 
(With Plate XI.) 
(Read May 17, 1916.) 


The observations recorded here were made* in the summer of 1911-12 
on a small area of country at the north-east of the Cape Province, lying 
between the great Kei and the Kogha Rivers within a few miles of the 
coast. (See Map.) 

No complete investigation was made, but the following notes may be of 
interest as supplementary to the work of Justus Thodef and J. W. Bews{ on 
the vegetation of South-East Africa. I am indebted to Mr. N. E. Brown for 
the determination of most of the plants collected, and to Mr. R. H. Compton 
for assistance in the preparation of the account. 

The area comprised three chief plant-formations, namely woodland, 
park-like grassland (or savannah) with scattered trees and bushes, and in 
the more low-lying parts of the latter sedge vegetation. It might have been 
expected that the two latter formations would prove to be differentiated by 
differences in the water content of the soil, the sedge vegetation being 
developed in depressions of the ground level, but as shown by the soil 
analyses given below this appears not to be the case. 


* With the aid of a research grant from the Grant Committee of the Royal 
Society of South Africa. 

+ Justus Thode: “ Die botanischen Hohenregionen Natals. Ein Beitrag zur 
pflanzengeographischen Kenntniss des aussertropischen Sudostafrika.” Engler’s 
Botanische Jahrbucher, 1894, vol. 18, Beiblatt Nr. 48, p. 14. 

t J. W. Bews: “The Vegetation of Natal.” Ann. Natal Museum, vol. 2, Part 3, 
1912, p. 253. “ An Oecological Survey of the Midlands of Natal, with special Refer- 
ence to the Pietermaritzburg District.” Ann. Natal Museum, vol. 2, Part 4, p. 485, 


1913. 
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The soil is essentially uniform throughout the area, being a fine red- 
brown loam, containing comparatively few large particles or stones. On 
mixing with water in a tall glass jar the whole of the solid matter settles 
within twenty-four hours, leaving only a slight opalescence, due probably 
to the presence of a small quantity of colloids. The soil tends to become 
caked and hard during dry weather after rain. 

No marked differences in climatic or edaphic factors distinguish the 
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Sketch map to show position of Manubie and surrounding country. 


woodland from the savannah, though these are of strikingly different 
appearance and are separated by a sharp boundary line. 

The sharp line separating the two associations may well be due to old 
bush fires, on the site of which savannah regenerated. The woodland has 
the appearance of being the final closed association within the district, and 
the savannah, here as elsewhere, has the appearance of an intermediate 
association, though it may actually be of great persistence and permanency. 
After the ground has been cleared by a bush fire, regeneration takes place 
very rapidly, and the ground is speedily covered with a dense growth of 
interlacing rhizomes and tall grasses in which further germinations are 
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difficult or impossible. Thus the ground is permanently occupied by the 
first species which arrive and germinate; the majority. of these are herba- 
ceous, a few trees. The artificial character of the grassland is emphasised. 
by the presence of certain introduced plants, e.g. species of Cassia; in the 
woodland aliens are practically absent. 


W oopLAND. 


The great majority of the species, both in the tree layer and in the 
undergrowth, are dicotyledons. The trees grow in close canopy, but a good 
deal of light gets through, except in certain particularly sheltered spots, and 
this gives the requsite conditions for a dense undergrowth of bushes and 
lianes, while there is also a herbaceous ground. vegetation and a fair 
number of epiphytes. Progress in the forest is often difficult owing to 
the thick and tangled undergrowth and the abundance of a trailing grass, 
Potamophila prehensilis, Benth., which cuts with a touch of its razor-like 
leaf. 

A characteristic tree of the woodland association is Erythroxylon pictum, 
E.M., the “Camphor Wood,” an evergreen with oval, glabrous, leathery, 
sclerophyllous foliage. Typical shrubs occurring in the high forest are 
Trichocladus crinitus, Pers., a Hamamelidaceous plant, covered on the stem 
and on the under side of the large ovate leaves with dense velvety brown 
hairs, the upper leaf-surface being glabrous; and Hibiscus pedunculatus, 
Linn. f., which is densely covered with long, closely appressed, simple and 
stellate hairs, especially on the calyx and epicalyx, and which also occurs in 
a wide variety of positions in this area. Along the forest edge occur a 
number of species not found in the depths of the forest, or in the grassland. 
Such are Abutilon cordifolia, Linn., with finely felted leaves, Asparagus 
faleatus, Linn. (Liliaceew) with its long, linear, somewhat falcate, shining, 
glabrous cladodes, easily mistaken for eaves of Podocarpus elongata, 
L’Her.; Helinus ovatus, H.M. (Rhamnacee), a glabrous thin-leaved shrub ; 
and a Euphorbiaceous liane, Dalechampia capensis, Spr., with large leaves 
and scanty hairs. The ground flora consists largely of Potamophila prehen- 
stlis, which also trails over bushes and the lower branches of trees to a 
height of several feet. 

In deep, moist, sheltered glades in the forest occur the low, glabrous, 
creeping Selaginella Kraussiana, A. Br., Nephrodium molle, Desv., Asplenium 
rutaefolium, Kuntze (epiphytic), a species of Hypoxis (Amaryllidaceae) 
which is believed to be undescribed, and other hygrophilous and shade- 
loving Pteridophytes and Phanerogams. Among interesting plants occur- 
ring in the forest, though not in very great numbers, are Podocarpus 
elongata, L’Her., and P. Thunbergii, Hook., Stangeria paradoaa, T. Moore, 
and Encephalartos villosus, Lem. 


40) Transactions .of the Royal Society of South Africa. 


SAVANNAH. 


This formation belongs to the same ae as that described by Bowe Aor 
p. 309) under the names of “ Thorn Veld” or “Thorn Savannah,” a remark- 
able park-like form of vegetation which covers very extensive areas in South 
Africa. The ground is covered with a variety of perennial grasses with 
which are mingled a profusion of herbaceous perennial phanerogams, while 
scattered at relatively wide intervals are found some trees (chiefly Acacia 
horrida, Willd.) and a few hairy shrubs and undershrubs, e.g. the ubiquitous 
Mibiscus pedunculatus; Lasiosyphon anthylloides, var. macrophylla, Meisn. 
(Thymelaeaceae), which has a silvery grey appearance through the covering 
of both leaf-surfaces, and even the tube of the yellow corolla being covered 
with long appressed silky hairs; and a species of Rhus (Anacardiaceae), 
with a dense felt of long brownish hairs over its stems, leaves and in- 
florescences. 

The principal Gramineae included in this formation are Digitaria 
sanguinalis, Scop., var. ciliaris, Prain, a low tufted grass without a rhizome, 
the leaf sheaths and nodes of which bear long, spreading, silky hairs ; 
Krianthus Sorghum, Nees., a perennial grass with a creeping rhizome and 
tufts of leaves and inflorescences a metre high; Cympopogon marginatus, 
var. validus, very similar in habit to the foregoing. The two latter grasses 
are the two alternative dominants of this formation. Other associates of 
the same oecological type are Panicum aequinerve, Nees, a grass with many 
short, shghtly ciliate, cauline leaves; and two Cyperaceae, Scleria melanom- 
phala, Kunth., and Cyperus compactus, Lam. : 

Scattered among the Grasses and Cyperaceae great numbers of other 
phanerogamic plants flourish. Some of these may be mentioned : 


Disa polygonoides, Lindl., a terrestrial orchid with glabrous sheathing 
leaves and a dense spike of small flowers. 
Gladivlus oppositiflorus, Herb., with tall, sword-like, hard, ribbed, 
glabrous leaves and a long Sik: of large pink flowers. 
Gladiolus atrorubens, N. E. Brown, a previously undescribed species 
(see Kew Bulletin, 1914, p. 185). 
Eulophia purpurescens, Rolfe, a rare terrestrial see , 
Pachycarpus dealbatus, E. Mey. (Asclepiadaceae), with large, stiff, scabrid 
leaves, and the stems and petioles shortly hairy: near the forest 
border only. 
_ Asclepias gibba, Schl., with slender stem and linear leaves and a few 
bristly hairs. 
Tragia durbanensis, O. K., a trailing perennial covered with stinging 
hairs. (Euphorbiaceae. ) 
-Pimpinella sp. (Umbelliferae), very like P. saxifraga in appearance, and, 
covere d with very short pubescence. 
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Spermacoce natalensis, Hochst. (Rubiaceae), a slender herb with pairs of 
lanceolate glabrous leaves and small dense axillary inflorescences. 
Helichrysum longifolium, DC., and a variety of the same (Compositae), 
densely clothed with long, slender, woolly hairs, and with narrow 

erect leaves closely appressed to the stem. 

Helichrysum sp., with most of the leaves radical, and densely woolly 
except on the upper surface of the leaves. 

Senecio latifolius, DC. var. (Compositae), a tall herb with large glabrous. 
leaves and a large corymb. 

Stachys sp. (Labiatae), a low herb with long, erect, greyish, scattered hairs. 

Commelina Krebsiana, Kunth. var., with a fairly large leaf-surface, 
covered with a finely silky appressed down. 

Lobelia Erinus, Linn. (Campanulaceae), a low, slender, mesophytic, 
glabrous herb. 

Hibiscus Trionum, Linn. (Malvaceae), a small plant with abundant long 
hairs on stem and petiole. 

Geranium ornithopodium, E. & Z. (7), a low herb with large leaves with 
a dense appressed down on the lower side, and to a less extent on the 
upper, and with shaggy petioles. 

Hedyotis natalensis, Hochst. (Rubiaceae), a mesophytic herb with a few 
hairs on both leaf-surfaces. 

Lichtensteinia interrupta, E. Mey., an Umbellifer with large glabrous 
and slightly glaucous leaves. 


It will be seen from the above examples, most of which are common 
plants in the savannah, that it is impossible at present to relate their 
external features to their environment. They are so diverse in aspect that 
it appears as though the basis of agreement that enables them to co-exist in 
such a uniform environment must be deep seated, and does not wholly 
depend on surface characters of hairiness and so forth. 

A quadrant with an edge of two metres was selected for closer examina- 
tion. The ground on which it was situated had recently been burnt over, 
as seen from the blackened stumps of some of the grasses. The dominant 
plant was Hrianthus Sorghum, of whose tall tufts fifty-two were present, 
each tuft having about ten shoots. Beneath these was a lower growth of 
about seventy-five tufts of Digitaria sanguinalis, var. ciliaris; and one large 
patch, about 20 cm. in diameter, of Panicum aequinerve, this probably 
having all arisen from one seed. Of the Rhus sp. there were six branching 
shoots from the base of a single plant, all growing from one long horizontal 
rhizome running about two inches below the surface of the ground. Ten 
plants of Senecio latifolius, each about 50 cm. high, were present; three 
plants of Spermacoce natalensis; six plants of the Stachys sp. each with 
4—6 straggling branches and a slightly tuberous root; about six plants of 
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Helichrysum sp.; six of Lobelia Erinus; and single specimens of Tragia 
durbanensis, Commelina Krebsiana var., Hibiscus Trionum, Geranium 
oruithopodium, Pellaea hastata, and a small plant of Acacia horrida. 


In the lower lying areas of the grass-savannah is found an association 
dominated by Cyperaceae. Casual inspection of this association leads to the 
supposition that it may be determined by higher water content of the soil, 
but, so far as observations go, this is, in poimt of fact, not the case. 
Determinations of the water content were made from samples collected in 
four selected localities between 3 and 5 p.m. on December 26, 1911, the last 
rainfall having been on December 18 and 19 (negligible amount on the 
second day). Other determinations made on December 20 showed a fall of 
approximately 10 per cent. in water content between December 20 and 
December 26. In each case a cylinder of soil was dug out to a depth of six 
inches, quickly powdered, the larger stones, roots, etc., removed, and a 
suitable quantity transferred to a tin with an air-tight lid. The tin and 
contents were weighed within about three hours, and the soil was then dried 
at a moderate temperature. Exactly the same procedure was followed in 
each case, and the water content is calculated as percentage weight in dry 
soil. 

I. Taken close to the quadrant described above, selected as typical of the 
savannah dominated by Hrianthus Sorghum. The soil was found to contain 
17:77 per cent. of water. 

II. Taken about 60 yards from I, higher up a slope of about 1 in 10, 
and amongst tall “ Dobo” grass, Cympopogon marginatus, var. validus, 
mentioned above, as the alternative dominant of this formation. This 
record is also in typical savannah, but the grasses were considerably taller 
than in the place where sample I was taken, so that the ground was 
probably more sheltered, and evaporation less rapid. The soil was found to 
contain 21°17 per cent. of water. 

III. Taken amongst Cyperaceae, about 30 yards north of a fairly large 
pool of very slowly running water, and about 10-15 ft. above the water 
level of the pool. The soil was a trifle looser than in samples I and II, and 
possibly contained a slightly smaller proportion of clay ; it was, however, of 
the same general type. The vegetation being less high and dense, evapora- 
tion may have been more rapid. This sample contained 16°28 per cent. of 
water. 

IV. Taken in the forest, about 25 yards from its junction with the 
savannah. The forest was fairly open at the spot chosen, but with some 
tall trees and a fair amount of undergrowth. The sample contained 20°80 
per cent. of water. 

It is estimated that the probable error in these determinations does not 
exceed 0°5 per cent. 
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The first two determinations were both made in typical savannah, and 
the mean of these, about 19°5 per cent., may be taken as the basis of com- 
parison with the other two. 

The chief point of interest is that the soil of the Cyperaceous association 
actually contained less water than that of the typical savannah. 

It is to be regretted that no determinations were made after a consider- 
able period of drought, but it may be suggested that the proximity of a 
water level would rather determine the minimum water content of a soil 
than the rate at which the content would fall to the minimum after rain. 
Thus it may be that the texture of the soil, and the type of vegetation 
caused a higher rate of evaporation in the Sedge association, but that the 
actual minimum water content reached after a long drought would have 
been higher. 

The chief species in the Sedge association referred to are Fimbristylis 
complanata, Link., with long, narrow, glabrous leaves, and Pycreus wmbrosus, 
Nees. A species of Moraea (Iridaceae) of the same oecological type as the 
‘Cyperaceae also occurs, and a Malvaceous shrub, Hibiscus diversifolius, Jacq., 
is present. | 

By small sheltered streams an association of water-loving plants occurs, 
The chief species are Cyperus pulcher, Thunb., of which three forms occur, 
Cyperus immensus, C. B. Clarke, Scirpus paludicola, Kunth., Juncus effusus, 
Linn., Juncus exsertus, Buchen., Chironia palustris, Burch. (Gentianaceae), 
and Asclepias physocarpa, Schl. 


The grasses dominating the savannah formation show certain interesting 
features in their leaf anatomy, which may be briefly described for two of the 
‘species. 


Eriantuus Soreuum. (PI. XII, fig. 1.) 


The leaf shows certain xerophilous features, e.g. the thickness of the 
cuticle, the small size and thick walls of the guard cells, the thick walls of 
the bundle sheaths, and so on. The most striking feature, however, is the 
presence on the adaxial surface of the leaf of marked furrows at the base of 
each of which is a longitudinal band of typical-looking motor cells. These 
are large, thin-walled, epidermal cells with nuclei, but without chloroplasts, 
and it might be expected that they would cause the leaf to roll up in 
drought. Nothing of the kind happens, however, as observations show 
which were made during a prolonged drought by Miss 8. van Rooyen, to 
whom thanks are due for generous assistance in this and other ways. The 
leaves remain flat and extended in all conditions of weather. Moreover, 
stomata are found on both surfaces of the leaf. These longitudinal streaks 
of large clear cells, therefore, have no motor function, and must act simply 
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as water reservoirs, a feature much more highly developed in the grass next 
to be described. ; 

The mesophyll is undifferentiated, consisting entirely of compact iso- 
diametric cells containing numerous small chloroplasts. It is separated 
from the vascular bundle by a well-marked bundle sheath with strongly 
thickened walls. Each sheath cell contains three or four chloroplasts of 
much larger size than those in the mesophyll. 

Attaching each bundle to the upper and lower epidermis are longitu- 
dinal strands of thick-walled fibres with simple pits. In between the 
bundles also there are vertical plates, one or two cells thick, containing a 
few small chloroplasts only, connecting the upper with the lower epidermis. 
The bundles are collateral, and comprise vessels, tracheids, fibres, paren- 
chyma, sieve tubes and companion cells. A single bundle hes beneath each 
furrow, and one beneath each ridge. 


DIGITARIA SANGUINALIS, var. cILIaRIs. (Pl. XII, fig. 2.) 


This leaf agrees with that of Hrianthus Sorghum in certain respects, e. g. 
the thickness of the bundle sheath with its few larger chloroplasts, and the 
presence of longitudinal rows of large clear cells, resembling motor cells, 
but not functioning as such. The latter are, however, much larger than in 
the other grass, and here are more obviously part of the water-storage 
system of the leaf. 

This leaf shows well-marked xerophilous characters, especially in the 
large development of water-storing tissue and in the fibres and hairs. The 
upper epidermis of the leaf is multiple, its rudiments having undergone 
repeated tangential division over the main vascular bundles, producing 
longitudinal stripes of surface fibres, and two or three layers of water- 
holding cells. There are no stomata on the upper surface, the chloren- 
chyma lying deep beneath. Tangential divisions also take place on the 
lower surface, which is thickly covered with fibres, leaving only narrow 
furrows in which lie the very small stomata. These furrows, moreover, are 
urther protected by spike-like epidermal outgrowths which grow across. 
them. A little special water-tissue is present at the lower surface also, 
especially below the principal bundles, where it replaces the fibres of 
Hrianthus Sorghum. The bundles are of the same type in both grasses. 
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EXPLANATION OF PLATE XII. 


Fie. 
1. Part of a transverse section of a leaf of Hrianthus Sorghum, preserved in for- 
malin, stained in methyl violet and Bismarck brown. 
2. Part of a transverse section of a leaf of Digitaria sanguinalis, var. ciliaris. As 
in Fig. 1. Both figures are drawn to approximately the same scale. Fig. 1 
was kindly drawn by Mr. R. H. Compton. 


In both figs.: v, vessel: t, tracheid; p, phloem; 6b s, bundle sheath; c, chloren- 
chyma; cy, chlorenchyma with few chloroplasts; ep, epidermis ; ef, epidermal fibres ; 
st, stoma ; f, fibres in bundle; /,, fibres outside bundle; h, hairs; w s, water-storage 


tissue. 


Trans. Roy. Soc. 8. Afr. Vol. VI. Plate XII. 
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A CONTRIBUTION TO OUR KNOWLEDGE OF THE NATIONAL, 
GAME OF SKILL OF AFRICA. 


By P. A. WaaGner. 
(With Plates XITI-XVII.) 
(Read April 19, 1916.) 


Among most of the native races of Africa there is played in one form or: 
another, either in rows of holes scooped out of the ground or on wooden, 
stone, or even ivory boards, a peculiar game of skill, that from its wide. 
distribution over the continent has been appropriately styled “the national 
ovame of Africa.” * 

As a matter of fact it is not confined to Africa, being practised in Syria,. 
Arabia, Bombay, Ceylon, the Malay Peninsula, Java, and indeed along the 
entire southern coast of Asia as far as the Philippine Islands.t It is also. 
played by the negroes of the Barbadves, Martinique and San Domingo, and, 
as will be presently pointed out, was in 1891 “presented to the civilised 
world for its diversion,” by an enterprising American firm, as “a game of 
skill for two players.” + 

It is essentially a war-game. ‘Two players or sides direct a contest 
between armies of equal strength, the object in view being the capture or 
“killing” of “men,” who are represented by small stones, seeds, shells, or 
fragments of dry cow-dung.} It is often played for a stake, but is certainly 
not a gambling game as maintained by some writers. Another common 
belief, strangely at variance with the generally accepted estimate of the 
intellectual capacity of the African native, is that the game is very intricate. 
This is quite erroneous, though it undoubtedly calls for a certain facility in 
ready reckoning. 

The game is clearly of very considerable antiquity: It was already 


* Cf. Stewart Culin, Rept. Smithsonian Institution, 1893-1894, pp. 597-607. 

+ Cf-.@ ulin, Wo: cit, 

t+ According to Culin ivory balls are used by the chiefs of the Vei tribes of’ 
West Africa. 
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known to the Arabs in the Middle Ages, being referred to in the commentary 
to the Kitab al Aghani, the ‘“ Book of Songs” ;* and stone boardst and 
fragments of boards—some of them obviously very old— identical with those 
in use at the present day, are found in, and in the neighbourhood of, the 
ancient ruins of Southern Rhodesia. | 

At the present day many varieties of the game are in existence, but 
while these differ considerably among themselves they all present sufficient 
identity of feature to justify the assumption that they have a common 
ancestry. In regard to its origin diverse views prevail. Culin, from the 
comparatively early mention of the game in Arabic literature and the 
retention of its Arabic name (mancala or mangala) in Northern Africa, 
concludes that Arabia was the source whence it was disseminated, and 
regards its distribution as marking the limits of Arab culture. Schwein- 
furth,t on the other hand, believes that it originated in Central Africa and 
looks upon its wide diffusion in the continent “as evidence, in its degree 
indirect and collateral, of the essential unity of the African nations.” Until 
more is known of the distribution and rules of the game in different parts 
of Africa, it would be idle to dogmatise in regard to these mutually destruc- 
tive hypotheses, but the facts in our possession appear to the writer to 
favour the views of Schweinfurth. 

The distribution of the game in South Africa is peculiar. It is played 
by the Hottentots, the Berg Damaras, and by practically all the Bantu 
tribes with the exception of the Basutoland Basutos,§ the Zulus, Matabele, 
and the tribes inhabiting the eastern districts of the Cape Province,|| among 
whom it is, however, being introduced by natives returning from the mine 
compounds, where it is one of the favourite recreations. There is no evidence 
to show that the game was ever practised by the Bushman.4 

The writer has only recently taken up the study of the game and is 
presenting these notes with the object of stimulating interest in and raising 
discussion on a branch of ethnography that has hitherto been neglected by 
students of the native races of Africa. 

As far as he has been able to ascertain from his own investigations and 


«Oy, Culin, toc, cv6. 

+ Similar game-boards have been found and are depicted in paintings in Egyptian 
tombs as old as the pre-dynastic period (4000 B.c.), but from the fact that astragels 
or oblong dice usually accompany the boards, it is presumed that the games played 
on them were dice-games. Vide Murray, H. J. R., The History of Chess, p. 30. 

t Of. The Heart of Africa, vol. ii, p. 29. 

§ Among the Basutos of Basutoland the European game of Mill (German’ Mihle) 
is very popular under the name Marabaraba. It was evidently taught them{ by 
missionaries. 

|| For much of this information the writer is indebted to Mr. H. M. Taberer. 

4 The game known as Bushman Cards, which is described by G. W. Stow in 
The Native Races of South Africa, is something totally different. 
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from the literature on the subject, which is very meagre, the different 
varieties of the game may be classified as follows : 

(1) Those in which all the pieces or “men” originally on the board * 
remain in play throughout the game. The Hottentot game of 
|| Hzs exemplifies this variety. 

(2) Those in which the captured or killed “men” are removed from 
the board or placed in a receptacle attached to the board. 

The games belonging to the second category can again be subdivided 


- into those— 


(a) Played on boards with four parallel rows of holes. Four-row games 
have a wide distribution in Southern and Hastern Africa as far 
north at least as the Uganda Protectorate.t 

(b) Played on boards with two parallel rows of holes. Games of this 
type are played throughout Western and Northern Africa. 

(c) Played on boards with three parallel rows of holes. They are 
exemplified by the Abyssinian game of Gabatta. 

It is proposed in the following pages to give a description of games 

belonging to each of these groups. 


I.—The Game of ||Hus or Otjitoto. 


The game of || Hus (holes) is played under that name by the Namaqua 
Hottentots and Berg Damaras of South-West Africa, and under the name 
Otjitoto (also meaning holes) by the Hereros or Cattle Damaras. The Berg 
Damaras and Hereros are said to have learned the game from the Hotten- 
tots. The writer has heard it stated that the same game is played 
by the Ovambos inhabiting the extreme northern portion of South-West 
Africa, but has not succeeded in obtaining any definite information on this 
point. 

The rules of ||Hus are briefly described by Leonhard Schultze in his 
admirable work Aus Namaland und Kalahari, but so far as the writer is 
aware no detailed account of the game has hitherto been published. It is 
played in four parallel rows of holes made in the ground or scooped out of 
sand, there being an even number of holes in each row. When only two 
players participate it is not customary to have more than twelve holes in a 
row, but when there are two or more players on each side, as is frequently 
the case, there may be twenty-four or more holes in a row. The players 
squat or kneel on opposite sides of the board facing one another. 


* In the present paper the word “board” is used not in its literal sense, but to 
denote a surface of play, whether it be an actual board or merely a series of parallel 
rows of holes scooped out of the ground. 

+ Cf. Sir H. H. Johnston, The Uganda Protectorate, Deoo. 
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At the beginning of a game each player* places two pieces—small 
stones, seeds, or fragments of dried dung—in each of the holes of his outer 
row, and the same number in each of the holes in the right half of his inner 
row as shown in Fig. 1, I. 

The object of the game is to capture all the pieces of one’s adversary or 
to put him in a position in which he is no longer able to move any of his 
pieces. The moves are made alternately. The mode of progression consists. 
in each of the players in turn taking up the contents of any of the holes on 
his side of the board, in which there are two or more pieces, and distributing 
these one at a time in a counter-clockwise direction in the succeeding holes 
of the same row. If the last of the pieces thus taken up and distributed by 
one of the players is dropped into an empty hole, his move comes to an 
end and his opponent plays. If, on the other hand, it is dropped into an 
occupied hole, one of two things happens: 

(a) If the hole in question is in his inner row and has opposite it in the 
inner row of his opponent an occupied hole he is entitled to capture (|/am) 
the pieces in this hole, together with those in the corresponding hole of his 
opponent’s outer row; the “men” thus captured being distributed one at a | 
time in the succeeding holes of his inner row.f Thus in Fig. 1, ITT 1, for 
example, the player Q has just finished a move by dropping a “last man” 
in hole c-7. As this hole was occupied—it now contains three pieces— 
and the hole b-7 in P’s inner row is also occupied, he is entitled to capture 
the single piece in b-7 and the two pieces in a-7. He does so, the appro- 
priation being represented by a black rectangle, and drops the captured. 
pieces one at a time into c-6, c—5 and c—4 (Fig. 1, III 2) where his move 
comes to an end. 

(b) If the hole in his opponent’s inner row, opposite to the one in 
which his last piece was dropped, is not occupied; or if the last of the 
pieces he took up is dropped into one of the holes in his outer row contain- 
ing one or more pieces, he has to continue his move by taking up all the 
pieces in the hole in question, including the one that he dropped, and 
distributing them as before. A number of instances of this occur in the 
came described on the following pages. 

Under no circumstances may a move be inaugurated from a hole con- 
taining a single piece. When, therefore, a player has only one piece in 
each of his occupied holes, he can no longer move and loses the game. 
||Hus differs in this respect from all the games to be subsequently 
dealt with. 

A player will sometimes play for safety by transferring the bulk of his 
pieces to the holes of his outer row. The Hottentot describes this manceuvre 


* The description refers to a two-handed game. 
+ Or of his outer row if the hole or holes in which the “men” were captured. 
are at the end of the board. 
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by the word !Koenie, meaning he runs away. If, on the other hand, a 
player assumes a vigorous offensive and succeeds in capturing all the pieces 
in two or more consecutive holes belonging to his adversary, he is said to hit 
him on the head (tNow). 

There is a good deal in the game when played by experienced players, 
who will sometimes sit for hours over a single contest; victory usually 
falling to the player whose ability to foresee positions, and to calculate 
rapidly in what hole any particular move will end is the more developed. 
When played in a village or werft it invariably attracts spectators, who 
follow the moves with the greatest interest and vie with one another in 
offering suggestions to the players; a practice that frequently leads to 
quarrels. 

To render the rules of the game quite clear the complete record of a 
contest between two players P and Q is appended. In the diagrams, the 
holes are represented by open squares, the pieces by black dots and the 
appropriation or capture of pieces by a black rectangle or square. 


Ila.—The Games of Maruba, Mofuba, Tschuba and Chuba. 


Maruba. 


Maruba is the favourite recreation of the Bapedi inhabiting the northern, 
western and southern portions respectively of the Middleburg, Lydenburg 
and Zoutpansberg districts of the Transvaal. It is played on a board 
consisting of four parallel rows of holes, the number of holes in each row 
being dependent upon the number of players. A row generally contains an 
even number of holes, but there is no definite rule on this point. 

At the beginning of a game each player puts two pieces (mathlapa) in 
each of the holes (mekoti) of his outer row and the same number in each of 
the holes of his inner row, except the one on the extreme left, which is left 
empty, and the one next to it, into which only a single piece is placed 
(Fig. 5, land Plate XVI). The first player may start his move from any 
of the holes in his inner row containing two pieces or from any hole in his 
outer row. The pieces are moved in a counter-clockwise direction in exactly 
the same manner as in ||Hzs ; a move continuing until the last of the pieces 
taken up from any particular hole is dropped into an empty hole. If the 
hole in question is in the player’s outer row his move comes to an end, and 
this also happens if it is in his inner row and the corresponding hole in his 
opponent’s inner row is empty. If, on the other hand, the hole is in his 
inner row and has opposite it, in the inner row of his opponent, an occupied 
hole, he is entitled to “kill” (taba) the pieces in this hole and the corresponding 
hole in his opponent’s outer row, and is moreover entitled to capture (tlola) 
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Fig. 1. 


I.—Shows the position of the pieces at the commencement of the game. The 
privilege of playing first is, as is usual in these games, left to agree- 
ment or chance, being considered of no great importance. In subse- 
quent games, however, the winner of the first contest takes the lead. 

II—Ila.—We will assume that P starts. Two courses are open to him. He 
may take the two pieces out of hole b-6 and drop them in b-7 and b-8 
(Fig. 1, II), or pick up the two pieces in a-—6 and distribute them in 
b-7 and b-8 (Fig. 1, IIa). Only at the beginning of a game is it 
permitted to move pieces from the outer to the inner row in this 
manner. In the game under description P makes move II. 

III.—Q takes the two pieces in c-9 and drops them in c-8 and c-7. He 
thereby, as already explained, captures the three pieces in b-7 and a-7 
and distributes these in c—6, c—5 and c—4. 

IV.—P picks up the two pieces in J-38 and drops them in b—4 and b-5. As b-5 
was already occupied he by this move captures the three pieces in c-5 
and d-5 (Fig. 1, IV 1), and distributes them in 6-6, b-7 and b-8. He 
takes the five pieces in c-8 and d-8 (Fig.1, 1V 2) and distributes them 
in b-9, b-10, b-11, b-12 and a-12; picks up the three pieces in a—12 and 
drops them, one at a time, into a—11, a-10 and a-9 (Fig. 1, IV 3); takes 
the three pieces in a-9 and distributes them in a-8, a-7 and a-6; takes 
up the three pieces in a—6 and drops them in a-5, a—4 and a-3; picks 
up the three pieces in a-8 and distributes them in a-2, a—1 and b-1; 
picks up the three pieces in b-1 and distributes them in b-2, b-3 and 
b-4. He captures the three pieces in c—-4 and d—4 (Fig. 1, IV 3) and 
distributes them in 6-5, b-6 and b-7 (Fig. 1, IV 4); captures the five 
pieces in c-7 and d-7 (Fig. 1, IV 4) and drops them in 0-8, b-9, b-10, 
b-11 and b-12; captures the four pieces in c—12 and d-12 (Fig. 1, IV 5) 
and distributes them in a—12, a—11, a-10 and a-9 (Fig. 1, 1V 6). The 
dropping of a “last man” into the now empty hole a—9 brings his move 
to an end. 
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Ives, Ds 


V.—Q picks up the two pieces in d-9 and drops them into d-10 and d-11; 
takes the three pieces in d-11 and drops them into d-12, c-12 and c-11. 
He captures the six piecés in b-11 and a-11 (Fig. 2, V) and distributes 

- them in c-10, c-9, c-8, c—-7, c-6 and c-5, where his move comes to an 
end (Fig. 2, V 2). 

VI—P takes two pieces out of b-6 and drops them in b-7 and b-8. He 
captures the single piece in c-8 (Fig. 2, VI 1) and drops it into b-9; 
captures the single piece in c-9 (Fig. 2, VI 2) and drops it into b-10; 
captures the six pieces in c—10 and d-10 and drops them into b-11, b-12, 
a-12, a-11, a-10 and a-9; picks up the two pieces in a-9 and drops 
them in a-8 and a—7; picks up the two pieces in a—7 and drops them 
in a-6 and a-5; picks up the four pieces in a-5 and distributes them 
in a—4, a-3, a-2 and a-1; takes the four pieces in a—1 and distributes 
them in 6-1, b-2, b-3 and b-4 (Fig. 2, VI 5); picks up the five pieces in 
b-4 and distributes them in b-5, b-6, b-7, b-8 and b-9; picks up the 
four pieces in 6-9 and distributes them in 6-10, b-11, 5-12 and a-12; 
takes the three pieces in a—12 and distributes them in a-—11, a-10 and 
a—9, where his move ends. 

VII.—Q picks up the two pieces in d-1 and drops them in d-2 and d-3; takes 
the three pieces in d-3; takes the three pieces in d-3 and distributes 
them in d-4, d—5 and d-6; takes the three pieces in d-6 and distributes 
them in d-7, a@-8 and d-9. 

VIII.—P takes the two pieces in 6-8 and drops them into 6-4 and b-5. Ile 
captures the two pieces in c-5 and d-5 (Fig. 2, VIII 1) which are dis- 
tributed in b-6 and b-7; he captures the two pieces in c—7 and d-7 
(Fig. 2, VIIT 2) and distributes them in b-8 and b-9, (Fig. 2, VIII 3), 


where his move ends. 
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Ere. 3. 


TX.—Q picks up the three pieces in d—2 and distributes them in d-3, d—4 and 


d-5, where his move stops. 


X.—P takes the four pieces in b-2 and drops them into b-8, b—4, b-5 and b-6. 


He captures the two pieces in c-6 (Fig. 3, X 1) and distributes them 
in b-7 and b-8. He picks up the seven pieces in 6-8 and distributes. 
them in b-9, b-10, b-11, b-12, a-12, a-11 and a-—10 (Fig. 3, X 2); picks 
up the seven pieces in a—-10 and distributes them in a-9, a-8, a—7, a-—6, 
a—5, a-4 and a-3; picks up the two pieces in a—-3 and drops them in 
a—2 and a-l, where his move comes to an end. 


XI.—Q picks up the two pieces in d—4 and drops them in d-5 and d-6. 
XII.—P picks up the two pieces in b-9 and drops them into b-10 and b-11. 


He captures the three pieces in c—11 (Fig. 3, XII 1) and drops them 
into b-12, a-12 and a-11; picks up the four pieces in a-11 and dis- 
tributes them in a-10, a-9, a-8 and a-7; picks up the two pieces in 
a—-7 and drops them in a-6 and a-5; picks up the two pieces in a-5 
and drops them into a—4 and a-3. 


XIII.—Q picks up the two pieces in d-5 and drops them into d-6 and d-7. 
XIV.—P takes seven pieces out of b-5 and drops them in b-6, b-7, b-8, b-9, 


b-10, b-11 and b-12. He captures the two pieces in c-12 and d-12 
(Fig. 3. XIV 1) and drops them in a-12 and a-11, where his move ends. 
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Fig. 4. 


XV.—Q picks up the two pieces in d-6 and drops them in d—7 and d-8; picks 
up the two pieces in d-8 and drops them in d-9 and d-10. 

XVI.—P picks up the three pieces in a—12 and distributes them in a—11, a—10 
and a-9; picks up the four pieces in a-9 and drops them in a-8, a-7, 
a—6 and a-5. 

XVII.—Q takes two pieces out of d-7 and drops them into d-8 and d-9; 
picks up the three pieces in d-9 and distributes them in d-10, d-11 
and d-12. 

XVITII.—P picks up the seven pieces in a-8 and distributes them in a-7, a-6, 
a—-5, a-4, a—38, a—2 and a-1; picks up the two pieces in a-1 and drops 
them in b-1 and b-2. 

XIX.—Q picks up the two pieces in d-10 and drops them into d-11 and d-12; 
picks up the two pieces in d-12 and drops them in c-12 and c-11. 
XX.—P takes up the two pieces in b-4 and drops them in b-5 and b-6; picks 
up the five pieces in b-6 and drops them in 4-7, b-8, b-9, b-10 and b-11. 
He captures the three pieces in c-11 and d-11 (Fig. 4, XX 1) and drops 
them in b-12, a-12 and a-11; picks up the three pieces in a-11 and 
drops them in a-10, a—9 and a-8, where his move ends (Fig. 4, XX 2). 


4) having only one stone in each of his occupied holes is unable to move, and 


P thus wins the game. 
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Fie. 5. 

I.—This diagram, as already intimated, shows the position of the pieces at. 
the opening of the game. 

II.—P starts. He takes two pieces out of b-6 and distributes them in b-7 
and b-8. The dropping of a single stone in the empty hole 4-8 entitles 
him to “kill” the four pieces in c-8 and d-8, and to capture the two. 
pieces in d—6 (Fig. 5,111). All six pieces are removed from the board,. 
the position at the end of the move being shown in Fig. 5, IT 2. 

III.—Q takes two pieces out of c-3 and drops them in c-2 and c-l. He is 
thereby entitled to “kill” the four pieces in b-1 and also captures the 
two pieces in a-2. 

IV.—P takes two pieces out of b-4 and drops them in b-5 and b-6. He 
“kills” the two pieces in c-6 and captures the two in c-5. 

V.—Q takes two pieces out of c-2 and drops them into c—] and d-1; takes up 
the three pieces in d-1 and distributes them one at a time in d-2, d-3 
and d-4; takes the three pieces in d—4 and drops them in d-5, d-6 and 
d-7 ; takes three pieces out of d-7 and drops them in d-8, c-8 and c-7; 
takes three pieces out of c-7 and drops them in c-6, c-5 and c-4 (Fig. 5,. 
V 1); takes three pieces out of c-4 and drops them in e-3, c-2 and c-1 
(Fig. 5, V 2); takes three pieces out of c—1 and drops them in d-1, d-2 
and d-8 ; takes the four pieces in d-3 and distributes them in d-4, d-5,. 
d-6and d-7. As d—7 was an empty hole this brings his move to an end. 

VI.—After a few moves the position of the “ men ” of the two players is as. 
shown in Fig. 5, 1X. It is Q’s move, who has only a single piece left 
in each of his occupied holes. He may start from c-8, c—6, c-3, d-1, 
d-3 or d-7, but not from c—4, d-5 or d—6, as this would mean his playing~ 
from a hole containing only one piece into an occupied hole. 
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the pieces contained in any other hole belonging to his opponent ;] the 
“killed” and captured pieces being all removed from the board. 

As long as a player has more than one piece in any of his holesfhe may 
not begin a move from a hole containing a single piece. When,thowever, he. 
has only one piece left in each of his occupied holes he is at liberty to start 
from any of these holes that does not necessitate his playing; into an 
occupied hole. Play continues until the board is cleared,‘and the party who 
has “killed ’’ and captured most pieces wins. 
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The rules briefly outlined in the preceding paragraphs will be rendered 
clear by the following record of a number of moves in a game in which the 
writer actually participated. The “killing” 1s represented by a black 
rectangle or square and the supplementary capture of pieces by a cross. 


Mofuba. 


Identical in every detail with Maruba is the game of Mofuba practised 
by the Bawenda, who inhabit the northern portions of Zoutpansberg and 
Waterberg districts of the Transvaal. 

The Mashona also play a four-row game called M’fuba, but whether or 
not this is identical with the Mofuba of the Bawenda the writer has not 
been able to ascertain. 
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Tschuba. 


The game of T'schuba* played by the Thonga or Shangaans, who occupy 
a vast extent of country along the east coast of South Africa between 
St. Lucia Bay (lat. 8. 28°) and the Rhodesian Sabi River, is also practically 
the same as Maruba. Indeed, it only differs from Maruba in the manner in 
which the pieces are arranged at the commencement of a game, two pieces 
being placed in each of the holes of both the outer and inner rows (Fig. 6, I). 
This involves a great deal of preliminary moving of pieces on the part of 
the first player. Thus assuming that Q starts (Fig. 6, IT 1). He 
takes two pieces out of c-6 and distributes them in c—5 and c-4; takes the 
three pieces in c-4 and drops them in c-38, c-2 and c-1; takes three pieces 
out of c-1 and drops them into d-1, d-2, and d-3; takes three pieces out of 


ics de 


d—3 and drops them into d—4, d—5 and d—5; takes three pieces out of d—6 and 
drops them into d—7, d-8 and c-8 (Fig. 6, If 1); takes three pieces out of 
c-8 and drops them in c-7, c-b and c-5; takes four pieces out of c-5 and 
drops them in c—4, c-3, c-2 and c-l. The dropping of a single stone into 
the now empty hole c—1 entitles him to capture (ku tha) the four pieces in 
b-1 and a—l and to “kill” (dlaya) the pieces contained in any other hole. 
He selects a-2 and removes all six pieces from the board, the position at the 
end of his move being shown in Fig. 6, IT 3. It will be noted that, as 
compared with Bapedi and Bawenda usage, the terms “capture” and “kill” 
are interchanged. 

There is also another forin of Tschuba, which differs from the one just 
described in that a player on capturing the contents of one or two holes, as 
the case may be, is entitled to “kill” all the pieces in any pair of his 
adversaries’ holes. For example, in the game above dealt with, Q on 


* An admirable description of the game of T'schuba is given by Henri A. Junod in 
The Life of a South African Tribe, vol. i, pp. 814-318. 
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capturing the pieces in b-1 and a-1 would be entitled to “kill” the pieces 
in a-2 and b-2 or in any other pair of holes. 


Chuba. 


The game of Chuba,** published in the United States in 1891 by the 
Milton Bradley Company, of Springfield, Mass., who described it “as an 
adaptation from a rude game of eastern Africa,” is without doubt derived 
from the games of Maruba and T'schuba. It is played on a board with four 
parallel rows of holes or pockets, eleven in each row, and sixty small beads 
used as men or counters. Apart from the fact that only one man is placed 
in each of the holes of the outer rows, the arrangement of the pieces at the 
commencement of a game is exactly the same as in Maruba (Fig.7, I). The 
rules of the game, on the other hand, are identical with those of the second 
form of Tschuba. Thus in Fig. 7, Il, assuming that Q has just finished a 
move by dropping a last “man” in c—4, he can take all the pieces in b-4 
and a-4 and is also entitled to remove those in any other pair of pockets, 
such as b-9 and a-9. 


Ilb.—The Games of Annana, Djamo, Poo, Kale and Mankalah. 


Annana. 


Games played on a board with only two rows of holes are exemplified 
by Annana, which appears to be very popular among the natives of the 
Gold Coast. There are six holes in each of the rows, and four pieces 
are placed in each hole at the commencement of a game. As in all the 
previously described games, the players in turn move their pieces in a 
counter-clockwise direction by distributing them one at a time in the holes 
ahead ; a move continuing right round the board until the last of the pieces 
taken up from any particular hole on his side by one of the players is 
dropped into an empty hole or into a hole containing three pieces, thus 
making four. In the former event his move stops and his opponent plays ; 
in the latter event he is entitled to remove the four pieces from the board. 
If, during a move, four pieces should collect in any hole other than that at 
which the move ends, these go to the plaver if the hole or holes are on 
his side of the board and to his adversary if the hole or holes are on the 
opposite side of the board. Play continues until the board is cleared, and 
the player who has captured most pieces wins the game. A move may at 
any time be inaugurated from a hole containing a single piece. 

The following is the record of the first three moves of a game of 
Annana : 

* Cf. Culin, loc. cit. . 
+ The writer learnt the game from an educated native hailing from Accra. 
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I.—Shows the"position of the pieces at the opening of the game, 

JI—IV.—Q starts. He takes the four pieces in b-5 and distributes them in 
b-6, a-6, a-5 and a-4; takes the five pieces in a-4 and drops them one 
at a time into a-3, a-2, a-1, 6-1 and b-2; takes five pieces out of b-2 
and drops them in b-38, b-4, b-5, b-6 and a-6 ; a-6 being an empty hole 
his move comes to anend. The position of the pieces at this stage of 
the game is shown in Fig. 8, IV. 

V—VII.—P takes up the six pieces in a—1 and distributes them in 0-1, b-2, 
b-3, b-4, b-5 and 8-6; takes the eight pieces in b-6 and distributes 
them in a-6, a-5, a-4, a-8, a-2, a-1, b-1 and b-2; takes three pieces 
out of 6-2 and drops them in b-3, b-4 and 4-5. There being now four 
pieces in 4-5 (Fig. 8, VI) he captures these, and by removing them 
from the board brings his move to an end (Fig. 8, VII). 
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Djamo and Poo. 


The games of Djamo and Poo, played in Liberia, and the game of Kale,* 
practised by the Fans inhabiting the valley of the Gaboon River, are 
practically identical with Annana; and games of the same type are played 
as far south at least as Elmina in Angola, as witness the board depicted 
in Plate XV, Fig. 2. : 


The Egyptian Game of Mankal’ah. 


The Egyptian game of Mankal’ah, of which a full description is given 
by Lane,t is also very much lke Annana. It is played, according to Lane, 
on a board of twelve holes arranged in two rows, with seventy-two small 
shells (cowries) or pebbles. 

There are two modifications of the game that differ from one another 
in the manner in which the pieces are distributed at the start of a contest. 

In the so-called “ game of the ignorants”’ one of the parties distributes 
all the pieces (hasa) unequally among all the holes (beyts) generally by 
putting at least four in each hole. 

In the so-called “game of the wise, or intelligent,’ the pieces are 
distributed in one or more holes on one side and in the corresponding hole 
or holes on the other side. Ccmmonly in four holes on each side, leaving 
the two extreme holes at opposite ends of the board vacant (4-8, a—4, a-5, 
a-6 and t-1,\U-2, 0-3: ¢-4 in Fig. 8,1; or akout half the pieces are put in 
the end hole of one row and the remainder in the diagonally opposite end 
hole on the opposite side (a-6 and b-1 in Fig. 8, I). The person who 
distributes the pieces does rot count how many he places in the holes, 
and should his adversary object to the distribution he may turn the koard 
round. | 

The mode of progression in both games is the came as in Annana, and a 
move continues until the last of the pieces taken up by one of the players is 
dropped into an empty hole or into a hole containing one or three pieces, 
thereby completing two or four. In the former event the move stops. In 
the latter event the player takes the two or four pieces together with those 
in the hole opposite. If one or more of the holes preceding the one in which 
the move ends also contain two or four pieces, no hole with any other 
number intervening, he is moreover entitled to take the contents of these 
holes t together with the contents of those opposite. Play continues until 
the board is cleared, when each party counts the number of pieces he has 


* Of. Culin, loc. cit. 
+ Cf. An Account of the Manners and Custems of the Modern Egyptians, pp. 315-317. 
t{ Presumably only when the holes in question are on his side of the board. 
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taken, and the one who has most reckons the excess of his above his adver- 
sary’s number as his gains. The winner is entitled to play first in the next 
contest, the adversary having first distributed the pieces. When either 
party has made his successive gains amount to sixty he has won the game. 


The Syrian Game of Mancala or Mangala. 


In Mancala as played in Syria* the board consists of fourteen holes 
arranged in two rows, and seven pieces are placed in éach row. Otherwise 
the games—there are again two—are identical with the Egyptian games. 


aS) 


Wee eb 
OOIOS® 


Fic. 9.—Board for Gabatta (after Th. Bent). 


Se) 


Ile.—The Abyssinian Game of Gabatta. 


In his game, briefly referred to by Bent in. The Sacred City of the 
Ethiopians, the board, as previously intimated, consists of three parallel 
rows of holes. ‘There are six holes in each row, and at the commencement 
of the game three pieces are placed in each hole. — | 

According to Bent it “is played by a series of passing which seemed to 
us very intricate and which we could not learn; the holes they call their 
toukouls or huts, and they get very excited over it. It closely resembles 
the game we saw played by the negroes in Mashonaland.” 


The writer’s special thanks are due to Dr. L. Peringucy for the photo- 
graphs reproduced in Plate II and Plate III, fig. 1, and to the Acting 
Curator of the Alexander McGregor Memorial Museum, Kimberley, for the 
photograph reproduced in Plate I; also to Mr. E. H. Banks for having 
assisted him in the preparation of Figs. 1-8. 


*' Cy. Culin, loc. crt. 
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EXPLANATION OF PLATES XIII-XVILI. 


Plate XITI.—-Portion of a chlorite-schist game-board, with four rows of holes, 
found near an “ancient” ruin on the De Beers Ranch, Belingwe 
District, Southern Rhodesia. (About one-third of the actual size.) 
The original is preserved in the Alexander McGregor Memorial 
Museum, Kimberley. 

Plate XIV, fig. 1—Stone game-board with four rows of holes, eight in each 
row, Que Que, Southern Rhodesia. The board has a length of 435 mm. 
and a width of 265 mm. 

Cat. No. 1608, South African Museum, Cape Town. 

Plate XIV, fig. 2.—Portion of a weathered stone game-board, with four 
parallel rows of holes and a large pocket on one side for the reception 
of captured pieces, Umtali District, Southern Rhodesia. The board 
has a length of 575 mm. and a width of 330 mm. 

Cat. No. 1364, South African Museum, Cape Town. 

Plate XV, fig. 1—Stone game-board, from Veekraal, Transvaal. On this 
board four parallel rows, each of eight holes, are superimposed on an 
older series of holes. The board is 510mm. in length and 460 mm. in 
width. 

Cat. No. 1584, South African Museum, Cape Town. 

Plate XV, fig. 2—Board for Mbau, Elmina, Angola. After Stewart Culin. 
The large pockets at the opposite ends of the board are for the 
reception of captured pieces. 

Plate XVI.—The start of a two-handed game of Maruba. 

Plate XVII.—The game in progress. 


Plate XIII. 
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ON THE MORPHOLOGY OF THE FEMALE FLOWER OF 
GNETUM. 


By H. H. W. Pearson, Sc.D., F.RB.S. 
(With Plate XVUI.) 


Recent investigations seemed to the writer to furnish support for the 
view that the female flower and the “spike” of Gnetum are modifications 
of the same primitive structure—that “the primordium which normally 
develops into a female flower may, under certain circumstances, produce a 
normal cone” (i.e. spike).* This conclusion rested upon evidence which 
may be briefly reviewed as follows: | | 

(1) The spike is frequently functionally bisexual.t This is regarded as 
@ more primitive condition than that of either of the three forms of more 
eommon occurrence. 

(2) The spike of G. Buchholzianum, normally with seven to nine nodes, 
may contain as few as two. There is evidence that the nodes are not laid 
down in acropetal succession.§ 

(3) A terminal flower oceurs very commonly on both male and female 
spikes. || 

(4) Abnormal flowers occasionally show an accessory -envelope,§ the 
outermost subtending a bud.** 

(5) In its general features, the vascular supply to the axis of the female 
flower resembles that to the axis of the spike.tt 

(6) Small vascular complexes found by Miss Berridge in the axis of the 


* Pearson, 1915, C, p. 161. 

+ Pearson, 1915, B, p. 312; 1915, C, p. 156. 

t Pearson, 1912, p. 614. 

§ Pearson, 1915, C, p. 158. 

|| Strasburger, 1872, p. 158; Pearson, 1915, C, ye 159. 
§ Pearson, 1915, B, p. 312. 

** Loc. cit., pl. 31, fig. 3. 

+f Pearson, 1915, CO, p. 161. 
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young seed of G. Gnemon were provisionally interpreted as vestiges of the 
bundle supply of an aborted ring of male flowers.* 

(7) In an injured spike, one of the female flowers of the nodal ring was 
replaced by a spike.t 

Evidence. of a more convincing. character supporting the same. con- 
clusion is furnished by an abnormal female flower of a Gnetum identified 
as G. scandens, described by MM. Lignier and Tison.{ This flower possessed 
four envelopes.§ A transverse section shows in addition a group of normal 


Diagrammatic transverse section of an abnormal female flower of G. scandens 
(after Lignier and Tison). EH.S.=embryo sac; N=nucellus; J, II, IIT, IV= 
successive envelopes; Jo.=lateral lobe of envelope I; M=male flowers ; 
ak =hairs. . i al 


-male flowers (M1) with hairs (h) of the.usual type between envelopes I-III; 
and groups of similar hairs, without flowers, between envelopes II-I1I.and 
IUI-IV. Envelope ‘I is without vascular supply; it terminates above in a 


* Berridge, 1912, p. 990. This interpretation is not accepted by Lignier and 
Tison (1913, p. 69). 

.t Pearson, loc. cit., pl. 25, fig. 7. 

{ Lignier and Tison, 1913. Iam indebted to the courtesy of the authors for the 
only copy of this paper available here. Of the date of its arrival I have no record. 
{ do not doubt that it was in my possession when my own paper (1915, C) was “in 
preparation. I regret that I have completely overlooked it until now (April, 1916). 

§ Cf. §4 above. 25/8 5 ae ae So 
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normal micropylar tube; -it bears a curious leaf-like lobe (lo). Envelope IL 
is similar in structure to:I except that it contaims very slender vascu- 
lar traces. Nos. III and IV are much thicker, and in structure more 
differentiated than I and II; they are well supplied with small vascular 
bundles. 

The authors, ae are on the whole disinclined to attach importance to 
abnormal structures as evidence in morphological inquiry,* consider that 
this particular abnormality “offre justement toutes les apparences d’un 
rétour ancestral.” ¢ 

Their conclusions are }: 

(1) The whole structure teats + 4 envelopes +3 aly groups) 
represents a single node of the inflorescence axis, bearing a cupule and an 
exallary ovule.§ 

(2) The cupule Gene IV) is applied against the surface of the ovule § 
and has become a supplementary envelope. 

(3) The second envelope of the ovule§ subtends an axillary group of 
normal male flowers. 

(4) Probably the normal female flower of Gnetum (i.e. ovule with 
3 envelopes) really represents a simple, perhaps compound, axis provided 
with 2 nodal cupules (envelopes II and IIT). This axis is terminated by a 
“‘plurilocular”’ ovary (envelope I) in the interior of which is found, as in 
Welwitschia, a single ovule basilar, orthotropous, erect, and naked. 

(5) This pseudo-ovule § of Gnetum seems therefore to be comparable 
with the male flower of Welwitschia, the ovary (envelope I) and its nucellus 
being almost identical in the two genera. 

The two external envelopes (II and III) of Gnetum correspond to the 
two lower whorls (“ perianth”’) of Welwitschia. 

The staminal whorl of Welwitschia (winged envelope of the female 
flower) has completely disappeared from Gnetum. 

(6) In spite of its position immediately outside the ovary (envelope I), 
it does not seem that the group of male flowers (Text-fig., M) can be 
considered as a reversion to an ancestral organisation from which the 
androecium of Welwitschia is derived. 

These conclusions demand careful consideration. We may note in the 
first place that the authors regard the female flower (“ovule” of §1) as 
being in the axil of the fourth envelope, the cupule. This seems to com- 
plicate the structure quite unnecessarily, for there is no direct evidence in 
favour of its axillary character. A normal female flower very frequently 


__ * Lignier and Tison, 1912, p. 165, footnote. 
“+ Lignier and Tison, 1913, p. 70. 
t Loe. cit., pp. 71, 72. 
§ This “ovule” is the “pseudo-ovule” of §5; i.e. the female flower in the 
ordinary sense. In §4 the term “ovule” is applied to the naked nucellus. 
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terminates the axis of the female, as of the male spike.* The barren tip of 
the spike axis sometimes shows clear indications that it consists of a cupule 
fused with the true axis,t just as in the lower nodes the cupule and the 
axis sometimes remain concrescent.{ The subapical cupule may therefore 
surround, even be concrescent with, a barren axis-tip; it does very frequently 
surround the base of a truly terminal flower. Therefore the simplest 
explanation of the cupule (envelope IV) described by MM. Lignier and Tison 
is that it is situated on the axis which bears the upper envelopes, 7. e. the 
axis of the flower is the direct prolongation of the axis of the spike. The 
marked peculiarity of this cupule (envelope IV) is that it has assumed the 
form of a supplementary envelope, as stated in conclusion 2. 

The presence of a group of male flowers and hairs above the insertion of 
envelope II and of a group of hairs only in a similar position with regard to. 
envelope III, seems to establish the first part of conclusion 4. Now for the 
first time we appear to be on quite safe ground in regarding the two outer 
envelopes of the complete (the single outer envelope of the incomplete) 
female flower of Gnetum as leaf-pairs homologous with the cupules of the 
spike. 

Consideration of the second part of conclusion 4 may be deferred for the 
moment. : 

Conclusions 5 and 6 are theoretically of great mterest. For the sake 
of comparison with Table 3 the former may be expressed as follows: 


TaBLeE I. 
Welwitschia ¢. Gnetum ? (compiete}. 
Nucellus = nucellus. 
Envelope I = envelope I (= “pluridocular ” ovary). 
Andreecium not present. 
Inner perianth = envelope IIT | _ (cupules of Gnetum spike). 
Outer perianth = envelope III 


There is undoubtedly much to be said for this comparison ; but however 
great the probability of this or any other comparison between the flowers of 
Gnetum and Welwitschia, the facts needed to establish it are not at present 
available. Apart from the identification of the innermost envelope as an 
ovary, which is considered below, perhaps the point which most invites. 
discussion is the treatment of the androecium. MM. Lignier and Tison 
were obviously forced to consider the possibility -that the group of male 
flowers standing above envelope II in their abnormal flower of Gnetum, was 
phylogenetically derived from the same primitive structure which has given 
rise to the androecial whorl of Welwitschia. They have decided against this. 


* Strasburger, 1872, p. 158; Pearson, 1915 C, p. 159. 
+ Caporn, 1916. 
t Pearson, loc. cit., fig. 8. 
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view (conclusion 6), and their decision is no doubt justified by the evidence 
available. But it is possible that a closer acquaintance than we yet possess 
with the male flower of Ephedra and Gnetum will lead to a modification of 
the current views of its morphology.*: 

None of MM. Lignier and Tison’s conclusions has such far-reaching 
effects as that contained in the second half of No. 4—-viz. that the innermost 
envelope is a plurilocular ovary containing a single ovule. 

The somewhat diverse views held as to the natural position of the 
Gnetales+ at least agree in placing the group in the vicinity of the top of 
the Gymnosperms and the bottom of the Angiosperms. Parlatore’s con- 
clusion that it is an “ Ordo naturalis inter Coniferas et Casuarinaceas fere 
medius” is a particular rendering of the current view. More recent 
investigators have tended rather to emphasise the Angiosperm characters, 
particularly of Gnetum and Welwitschia, and some have gone so far as to 
include the whole group among the Angiosperms.§ 

The identification of the sporophyll would clearly constitute a fact of the 
first importance in the inquiry as to the relationships of the group. This is 
attended with great difficulty, for the ovule is apparently not borne on a 
leaf-structure of any kind ; its position and internal structure indicate that 
the nucellus is a simple prolongation of the floral axis. The search for the 
homologue of the carpel has been so vigorous that every structure imme- 
diately accessory to the Gnetalean ovule has, at one time or another, been 
recognised as a carpel or a number of concrescent carpels. Each of these 
diverse views commands some support, but none appears to be free from 
some vital objection ; they are tabulated below (Table 2). 

In 1908 Prof. Lignier || announced the opinion that the Gnetalean 
ovule, reduced to a naked nucellus, stands erect at the bottom of an ovary, 
and that the natural position of the group is among the Angiosperms, near 
the base of the Apetalae. In a reprint of this paper, published in 1911, 
the Gnetales are regarded as “plus elevées en organisation que je ne le 
croyais alors (1908), ce sont de véritables:angiospermes 4 organes floraux 
condensés et réduits.” 4 

This view of the inner envelope is supported by most careful study of 
the floral organisation of Welwitschia,** the general conclusions from which 
were announced a year earlier.t+ In the latter paper,tt the flowers of the 
three genera are referred to a common type consisting of an axis bearing 
four whorls of appendages and a naked ovule which “semble prolonger 


* Of. Pearson, 1915, C. 

+ Arber and Parkin, 1908, pp. 492-495. 

+ Parlatore, 1868, p. 348. | 

§ Hallier, 1905, ete. ; 

|| Lignier, 1908. { Idem, 1911, p. 61. 
** Lignier and Tison, 1912. tt Idem, 1911, A. 
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TABLE 2. 
Carpel or carpels. Breese Genus. Author. 
Bract . : : ‘ il Welwitschia ? Pearson, 1909 ; Sykes, 
: 1910. 
Outermost of 3 ovular 2 Gnetum (complete ?)| Blume, 1834 ; Strasbur- 
envelopes ger, 1872. € 
. Ephedra 9? Blume, 1834; Van 
a ¢ Gnetum (incomplete Tieghem, 1869, iS}S3 Be 
CR 2 ovular a 2) Strasburger, 1872.* 
P Welwitschia 9? | 
- Ephedra Beccari, 1877 ; Lignier, 
Innermost ovular en- 2 or 4 } Gotu 1908; Lignier and 
velope of 2 flower Welwitschia Tison, 1911 B, 1912. 
Single ovular envelope 2 or 4 Welwitschia Strasburger, 1872 7 ; 
of ¢ flower Macnab, 1873; Lig- 
nier, 1908; Lignier 
‘ and Tison, 1911, 1912. 
Completely aborted 1 Ephedra 92 Lignier, 1903. 
ovuliferous scale Gnetum 2 
Welwitschia ¢ & 9 
TABLE 3. 
ai | “Eph 
. ; | 1G d : G: t ye 
Minor |, epee yea Welwitschia. | ieee Ephedra ne ae 
+ (é ) ( 9) | (fo Ne (2 ). Complete. plete. 
1 ““Ovaire 2-4-carpel- | 2-4-carpel- | No trace} 3-2-car-| Ovary Ovary 
fermé,” lary ovary, | lary ovary, | pellary | without | without 
with style | with style without | ovary, | stigma | stigma. 
and stigma. | and stigma. stigma. without 
Ovule fertile! Ovule sterile; Ovule fertile stigma 
2 Androecium | Androecium| Winged |Androe-| Enve- | Enve- Ar- 
envelope cium lope | lope t |rested.t 
3 2-membered 2-membered| No trace | 2-mem- | No trace Peri- Peri- 
perianth perianth | bered anth anth. 
‘perianth oe 
4. 2-membered 2-membered | Very rarely | No trace! No trace! No No 
perianth perianth present.§ | trace t | trace.t 
Otherwise | 
1-2 pairs | 
of reduced 
traces in axis' 
Column 1 2 3 4. 5 6 7 


ed ’ Strasburger abandoned these opinions later, and regarded the envelopes con- 
cerned as integuments (Strasburger, 1879, p. 96). Incidentally Strasburger (loc. cit., 
p. 1383) states that “die auf das ovulum reducirten weiblichen Bliithen der Gnetaceen 
scheinen mir nicht mit den minnlichen Blithen dieser Pflanzen vergleichbar zu sein” 
(cf. Pearson, 1915, C). 

+ In 1879 Strasburger (p. 133) abandons this view also, and speaks of the remark- 
able stigma-like expansion of the free edge of this envelope as “eine Anpassung des 
Integumentrandes an den Insectbesuch.” 

{~ These views are now abandoned by the authors. See Table 1 and Lignier and 
Tison, 1913. 7 

§ Vide Lignier and Tison, 1912, p. 130, fig. 24. 
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Vaxe floral, mais est trés probablement de nature foliare.” * This type is 
now most nearly represented by the male flower of Welwitschia., All these 
whorls are present only in the male flower of Welwitschia; in other cases 
one or more aré entirely missing, or their former presence is indicated only 
by peculiarities: of the vascular system. The authors’ comparison * is here 
reduced to tabular form (Table 3). 

~The comparisons contained in column 4 of this table have been receuely 
discussed elsewhere.f Those of columns 6 and 7, except as regards whorl 1, 
have now been modified by the authors.{ It should be noted, however, that 
the androecium (whorl 2) of the hypothetical type still appears in three 
different forms—viz. an androecium, a winged envelope and an envelope 
without wings (Ephedra ? )—the two extremes of these occurring in the 
same species. This in itself would be remarkable; but evidence that will 
either establish or overthrow the suggested homology is lacking. It has 
been stated more than once that evidence in support of this same compari- 
son was advanced by Bertrand.§ This is not strictly correct, for he did not 
distinguish the male from the female flowers. In his view the staminal 
tube of the male flower and the winged envelope of the female were two 
stages in the ontogeny of one and the same structure.|| He says, for 
example, that the winged envelope “résulte de la transformation” of the 
staminal tube. This transformation is thus described: *Sit6t aprés la 
pollinisation, les anthéres tombent, l’orifice du tube staminal se rétrécit, et 
ses bords latéraux s’étendent pour former deux grandes ailes marginales.” 
Bertrand’s contribution to the discussion is therefore limited to emphasising 
the fact that these two envelopes possess common characters, by regarding 
them as identical. 

In this connection it may also be noted that MM. Lignier and Tison 
amply that Bertrand considered this winged envelope to be an ovary.** On 
the contrary, he combats this view, previously propounded by Macnab,tt 


* Idem, 1911, A, p. 1. 

+ Pearson, 1915, C. 

ft See Table 1. 

§ Pearson, 1909, p. 336; Lignier and Tison, 1912, p. 67. 

|| Vide Bertrand, 1878, pp. 63, 82, 86, 89; pl. 9, figs. 7, 8, 9. 

§] That Bertrand should have so a skintorprotad the relations of the Welwitschia 
flowers is remarkable, for, although he does not cite Hooker (1863), he refers to 
Strasburger (1872) and ‘to Macnab (1873). With regard to the latter he refuses to 
admit the accuracy of his figures and says (p. 65): “Entre les fleurs hermaphrodites 
et les fleurs femelles, je n’ai trouvé de différences que dans l’absence des anthéres au 
‘tube staminal de la fleur femelle.” It is probable that his material was scanty. His 
earlier account of the anatomy of Welwitschia was based upon the study of a single 
dried specimen received from Decaisne (Bertrand, '1874, p. 8). 

** Lignier and Tison, loc. cit. 

t+ Macnab, 1873. 
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with some emphasis. He says, indeed, that its structure does not differ from 
that of an ovary, but he proceeds: ‘“ Est-ce pour cela un ovaire? Personne 
je crois, ne le soutiendra sérieusement.’’* 

We may now consider the first whorl (Table 3), which is absent from 
the male flowers of Ephedra and Gnetum, but elsewhere appears as an 
ovary. This identification is based upon the results of the authors’ very 
detailed study of Welwitschia.t The evidence is mainly anatomical; the 
form of this envelope terminating in “a long style and a stigma” also 
has weight.{ The authors even go so far as to describe this envelope as 
“un ovaire clos,” { a description which is not justified by the structure. 

The anatomical evidence is furnished by four small vascular bundles, 
which, in the male flower, pass into the base of the ovular envelope. Of 
these the two larger lie in the median, the two smaller in the tangential 
plane. The envelope is therefore regarded as an ovary formed by two con- 
crescent pairs of carpels.§ With regard to these bundles on which such 
important conclusions are based, it may be noted that (1) at the level at 
which the envelope becomes free from the nucellus the two stronger are 
already extremely reduced ||; (2) their number does not appear to be con- 
stant; (3) they do not always penetrate the base of the envelope. ** 

For the inner envelope of the female flower of Welwitschia the evidence 
is more slender. This envelope admittedly arises as an equal ring from the 
base of the nucellus,tt already well advanced. Later the limb becomes 
lobed, the lobing being regarded as of no morphological significance.{{ The 
interpretation of the anatomy of this flower is “ horriblement difficile.”§§ In 
one case the anterior bundles of the floral axis “ persistent méme suffisam- 
ment pour arriver a péneétrer jusque dans la base du tegument interne 
(ovaire).”’|||| In others no bundles enter the free region of the envelope.J J 
The authors regard this envelope as homologous with the ovular envelope 
of the male flower ; as an ovary of four carpels of which the lower pair are 


* Bertrand, loc. cit., p. 82. See also p. 65. 

+ Lignier and Tison, 1912. 

ft Loc. cit., pp. 100, 171. 

§ Loc. cit.,p. 112. 

|| Lignier and Tison, 1912, fig. 10. 

{J Sykes, 1910, p. 189. 

** Bertrand, 1878, p. 64; Sykes, loc. cit., p. 187. 

+t Lignier and Tison, 1912, p. 130: Pearson, 1906, fig. 20 A. 

tt Lignier and Tison, loc. cit. The authors here state that this inner envelope is 
lightly lobed in the tangential plane. This statement is supported by a reference to 
their tigure (C, fig. 24), in which the outer envelope (iii) is thus lobed. The inner 
envelope which is under discussion is not shown in this figure. 

§§ Lignier and Tison, 1912, p. 138. 

{||| Loc. cit., p. 144. 

F{ Loc. cit., p. 141; Sykes, 1910, pp. 198, 199. 
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more strongly reduced. In both cases the ovary contains a single naked 
ovule which is “ probably of foliar origin.” * 

MM. Lignier and Tison’s opinion that the structure of the inner envelope 
in the three cases considered above is most naturally explained on the 
assumption that it has undergone strong reduction may be correct. But 
even if we go so far as to assume that in a more primitive state each had a 
strongly developed vascular system, they are not therefore carpellary. 
The utmost that such a fact could be held to prove would be that this 
envelope represents one or more leaf structures—a conclusion which many 
investigators have already adopted. But in view of the known structure 
of the ovular envelope in the Cycads and in a number of the lower 
Angiosperms,t the mere fact that it is vascularised is not sufficient to 
establish the conclusion that it is foliar; still less does it prove it to be 
the homologue of an ovary; and if it be foliar it is not therefore impos- 
sible that it may be still an integument. 

With regard to the external form of this envelope in the male flower of 
Welwitschia, Hooker, who regarded it as an integument, comments upon 
its resemblance to a carpel with style and stigma{ and “ speculates ” on the 
possibility of its form being inherited from an existing or extinct race of 
plants in which “the office of the stigma of the carpellary leaf was per- 
formed by a stigmatic dilatation of the ovular coat itself.” Strasburger, 
for whom it was at first$ a carpel, later an integument,|| also clearly 
regarded it as a stigma which had lost its stigmatic function. Its form and 
structure so obviously suggest such a function, and incidentally tend to 
strengthen the morphological comparison with an ovary, that it is well to 
remember that there is no direct evidence whatever that it has ever 
functioned as a stigma or that it is a reduced form of a functional stigma. 
There is, however, good reason to believe that it now performs a function 
in connection with the attraction of insect visitors. It is possibly an 
excretory organ** ; it is certainly largely responsible for the conspicuous- 


* Lignier and Tison, 1912, p. 162. 

+ Cf. Hemsley, 1906; Kershaw, 1909, A. B. C.; Benson and Welsford, 1909. 
MM. Lignier and Tison’s position with regard to these cases is not clear. lf the ovule 
is reduced to a nucellus, as appears to be suggested (Joc. cit., 1912, p. 161), then the 
first envelope (integument) of Juglans and Myrica is, by inference, carpellary. Prob- 
ably the authors do not intend to convey this impression, and, if so, it is not easy to 
see why the very reduced vascular system in the envelope of Welwitschia or Gnetum 
should mean so much more than the strongly developed system of Juglans or Myrica. 

t Hooker f., 1863, p. 24. 

§ Strasburger, 1872, p. 153. 

|| Strasburger, 1879, p. 133. 

Y Strasburger, 1872, p. 272. 

** Pearson, 1906, p. 274; Lignier and Tison, 1912, p. 122; but see Church, 1914, 
p. 135. 
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ness of the open flower. Its form may just as well be an adaptation to 
the despatch as to the receipt of the pollen. In the former we believe 
that it plays a not unimportant part; with the latter we know that it has 
at present no concern, and there is no sufficient reason for supposing that 
it ever has been concerned. If, on the other hand, this stigma-like structure 
had ever in its history played the part of a true stigma, it would be surpris- 
ing that it should have disappeared so entirely from the envelope of the 
female flower which does function as a pollen-receiver, and in an exceedingly 
efficient manner. * 

‘Further, it is well established, in each of the three genera, that the 
nucellus precedes this envelope in ontogeny. In the female flower of Wel- 
witschia, the megaspore mother-cell is constituted before the first signs of 
the inner envelope are apparent.+ The relations are similar in Ephedra and 
Gnetum.{ In all three the megaspore on germination grows down into the 
axis to a point far below the level at which the envelope becomes free from 
the nucellus.§ || 

These relations are not characteristic of carpels and ovules; they do 
commonly obtain between integuments and nucelli, more especially among 
the Gymnosperms. It is perhaps within the range of possibility that an 
Angiosperm ovary should become so reduced and retarded in development 
as to simulate so remarkably a Gymnosperm integument, but it seems so. 
improbable that strong evidence would be needed to show that its observed 
characters are so entirely deceptive; and no such evidence is yet forth- 
coming.4 beth 

If, for instance, it could be shown that the nucellus is not a terminal 
structure but is inserted on the envelope (which in fact arises from it), this 
would go far to reduce the significance of its resemblance to an integument. 

The question of the cauline or fohar position of the ovule has been much 
discussed, particularly within recent years. If it is truly cauline the difficulty 
of comparing the Gnetalean “ flower” with corresponding structures in both 
the Gymnosperms and the Angiosperms is, in the present state of our 


* Pearson, 1909, pl. 23, fig. 11, 

+ Pearson, 1906, pl. 19, figs. 20, 20 A. 

+ Strasburger, 1872, Taf. xv, figs. 45, 46; Karsten, 1893, fig. 29. 

5 Thoday and Berridge, 1912, text-fig. 11; Thoday, 1911, text-fig. 9; he gOHDs 
diagr. xviii. ' 

|| Schuster (1911) refuses to regard this envelope as an ovary because of the 
presence of archegonia of the Gymnosperm type. To this Lignier and Tison (1912, 
p. 171) object that (1) the archegonium is not present in Welwitschia nor in Gnetum ; 
(2) the absence of the archegonium has never been regarded as a necessary character 
of the Angiosperms. These objections are certainly. sound; if the archegonium 
removes Ephedra from the Angiosperms, the absence of archegonia must equally 
remove Welwitschia and Gnetum from the Gymnosperms. 

q Cf. Church, 1914, p. 122. 
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knowledge, greater than if it can be shown to be foliar. This very fact 
justifies a demand for clear proof that it is other than it seems. : 

Most investigators have accepted the facts on their face value and have 
concluded, or have seen no reason to question the conclusion, that the flower 
is a bud and that the ovule terminates the floral axis.* 

- Van Tieghem+ appears to have been the first to advance a contrary 
opinion. At the end of a long paper mainly concerned with the morphology 
of the flower in the Cycads and the Conifers, he devotes less than two pages. 
to the Gnetaceae, of which apparently he was able to study only the female 
flower of Ephedra distachya. He concludes that the outer envelope is the 
last product of the floral axis; that it represents a single leaf, placed 
opposite to the subtending bract ; that it bears the unitegumented ovule on 
its ventral face ; that its edges are concrescent on the ventral side of the 
ovule which it encloses save for the apical aperture through which the 
micropylar tube of the inner envelope protrudes. This outer envelope is 
then an open carpel (ovuliferous scale) without style or stigma. This view 
is based entirely upon analogy with the Coniferae and the vascular structure ; 
the development of the parts concerned is not considered. A study of the 
development shows that this ovary or ovuliferous scale, like the imner 
envelope, is an outgrowth from the ovule which, according to Van Tieghem, 
it bears ; further, it arises from two primordia { and represents two § or three || 
leaves, or from four primordia representing four leaves.{ If it is sought to. 
extend this hypothesis to Gnetum and. Welwitschia, the “ ovuliferous scale ”’ 
is not represented in the male flower of the latter—unless indeed the original 
inner envelope is concrescent with the nucellus** or is aborted,tf+ neither 
of which suggestions is supported by adequate evidence. In the case of 
Gnetum, Van Tieghem’s hypothesis necessitates the conclusion that the two 
outer envelopes of the complete female flower of Gnetum have different 
morphological values, which, in view of more recent evidence,ft is impossible. 

* Ephedra: Hichler, 1863, p. 266; Strasburger, 1872, pp. 80, 83, 87, 235, Taf. xv, fig. 
47; Bertrand, 1878, p. 65; Jaccard, 1894, p. 13; Arber and Parkin, 1908, pp. 497, 504; (cf. 
also Thoday and Berridge, 1912, pp. 978, 979). Gnetum: Eichler, loc. cit.; Beccari,. 
1877; Bertrand, loc. cit.; Strasburger, 1879, p. 107; Lotsy, 1899, p. 64; Arber and 
Parkin, loc. cit.; Berridge, 1912, p.991. Welwitschia: Hooker, 1863, pp. 23, 830; Eichler, 
loc. cit.; Strasburger, 1872, pp. 93, 94; Macnab, 1573, p. 507 ; Bertrand, loc. cit.; Arber 
and Parkin, loc. cit.; Pearson, 1909, p. 334; Sykes, 1910, p. 194 (but also see pp. 216,. 
221). 

+ Van Tieghem, 1869, p. 291. 

{ Strasburger, 1872, Taf. xv, fig. 46. 

§ Loe. cit., p. 235. 

|| Lignier and Tison, 1911, B. 

{| § Land, 1904, p. 8. 

** Sykes, 1910, p. 207. 

tt Strasburger, 1872, p..150.° _ 

ti Lignier and Tison, 19138. 
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‘Van Tieghem later modified his opinion, and his ovuliferous scale became a 
bicarpellary ovary* without style or stigma. 

In 1908, Ligniert adopted a modification of Van Tieghem’s earlier 
hypothesis. The second envelope (second and third in the complete 2 of 
Gnetum) is a whorl of concrescent bracts. An ovuliferous scale is axillary 
to one of these bracts ; the unitegumented ovule is inserted on the summit 
of this scale. The scale, however, is so reduced that there is no visible sign 
of its presence, and the unitegumented ovule therefore appears to be a direct 
prolongation of the axis. This hypothesis rests entirely upon a supposed 
analogy with Tazus,{ and there is no direct evidence in support of it. It 
has since been abandoned by its author in favour of the view discussed © 
above, viz. that the innermost envelope is a pluricarpellary ovary. 

Other authors retain an open mind with regard to the cauline or foliar 
origin of the ovule. Mrs. Thoday states that the female flower of Wel- 
witschia consists of a “short axis terminated by a single ovule” which is 
enclosed in two envelopes.§ Later, in the same paper, it is suggested that 
“although the ovules in the male cone and the stamens and aborted ovules 
in the male cone are now in an axillary position, they may not originally 
have been cauline.”’||_ The meaning of this suggestion as regards the female 
flower is that it ‘represents a sorus which was originally borne on the 
bract” §; the male flower presents greater difficulty, but ‘it appears 
possible ” that it also is “ derived from a form in which the sporophyll bore 
several sori.” The author states quite distinctly that this is merely a 
suggestion based on an analogy with the Cycads, just as Van Tieghem’s and 
Lignier’s earlier views rested upon analogy with the Coniferae. For none 
of the three is there any direct evidence. 

With regard to Ephedra and Welwitschia still another hypothesis, having 
a similar end in view, has been advanced. It suggested that the single ovule 
“now differentiated direct from the plastic apex of the axillary bud” is “the 
equivalent of more than one ovule, each originally borne on a foliar organ, 
but now fused together at the apex of an axis”**—1in other words, that the 
apical portion of the ovule-bearing shoot is composed of concrescent leaf- 
structures. This is an interesting speculation suggested by the occasional 
indications of the fusion of two ovules in Ephedra altissima,tt+ a phenomenon 
which is most simply explained on physiological grounds. 


* Van Tieghem, 1891 (fide Lignier, 1903). 
¢ Lignier, 1903. 

t Loc. cit., p. 67. 

§ Thoday, 1910, p. 194. 

|| Loc. cit., p. 221. 

{ Loc. cit., p. 216. 

** Thoday and Berridge, 1912, p. 979. 

tt Loc. cit., p. 962. 
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The results of these various attempts to find evidence for the foliar 
insertion of the Gnetalean ovule rather tend to confirm the opinion of those 
who have adopted the simplest interpretation of the observed facts and have 
accepted the ovule as truly cauline in position. In any case neither of the 
hypotheses (1) that the inner ovular envelope is an ovary; (2) that the 
ovule is foliar in position now or in ancestral types, can be used to support 
the other. Each of them lacks the evidence necessary to establish it. 

In attempting to interpret doubtful structures occurring in the group 
Gnetales we encounter special difficulties which we are perhaps a little 
inclined to under-estimate. Of the origin of the group we know nothing. 
We have good reason to believe that the three existing genera are the 
remnants of an ancient race once more numerously represented than it is 
now ; even this is open to question, as MM. Lignier and Tison have shown. 
Their relations to the rest of the Gymnosperms, as to the Angiosperms, are 
quite obscure; those obtaining between the still living members of the 
group are but little clearer. While we need not yet despair of finding 
evidence sufficient to illuminate some, perhaps all, of these obscurities, it 
cannot be denied that, at the moment, no clear light has been thrown upon 
any of them. 

In the meantime the value of interpretations founded upon analogy with 
other Gymnosperms, extinct or living, or with the Angiosperms, unless they 
are adequately supported by internal evidence, is the value of the new lines 
of investigation which they indicate. Internal evidence has convinced the 
great majority of those who have studied members of the group that in 
spite of the appearance in them of certain Angiosperm characters, they are 
essentially Gymnosperms. The important investigation of the floral 
structure of Welwitschia which we owe to MM. Lignier and Tison does not 
appear to unsettle the conclusions* reached by Eichler in 1863—“ Gnetaceae 
vere sunt Gymnospermae. . . . Illa est gravissima ovulorum dignitas 
morphologica, quod hand, ut Cycadeis, e carpophyllo enata qualitatem 
teneant foliaceam, sed axis floralis ipsius summitatem sistant.” 

If these considerations are allowed to have weight, our knowledge of the 
morphology of the female flower of Gnetum as extended by MM. Lignier 
and Tison’s latest investigation may perhaps be summarised as follows : 

(1) The two outer envelopes of the complete, the single outer envelope 
of the incomplete, female flower are homologous with the cupule of the 
spike. Here, as in the Angiosperms, sterile reduced leaves exercise a pro- 
tective function with regard to the megasporangium. This resemblance 


* It should, however, be stated here that Professor Lignier , in the letter referred 
to (p. 8), says: “En ce qui concerne l’interpretation ovaire au lieu de tégument 
ovulaire, nous avons trouvé de nouveaux arguments (in Ephedra) tres différents de 
ceux offerts par le Welwitschia et qui nous semblent beaucoup plus probants.” 

f+ Lignier and Tison, 1913. 
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does not appear to involve the conclusion that the “ perianth ” in the one 
group is phylogenetically related to that of the other.* 

(2) There is no evidence to show that the innermost envelope is phylo- 
genetically related either to the ovary or to the integument of the Angio- 
sperm. It probably consists of a modified leaf pair homologous with the 
cupule. 

(3) The nucellus is the direct prolongation of the axis which bears the 
envelopes. 

(4) The axis of the flower is homologous with the axis of the spike. 

(5) The “spike” and the female flower are modifications of the same 
primitive structure, the character of which is certainly not indicated by any 
evidence at present available. An obvious suggestion is that it consisted 
of (1) a terminal nucellus surrounded by a single ovular envelope; (2) a 
ring of lateral male flowers, below which stood (3) one or more modified leaf 
pairs. 

A comparison of the Gnetum female flower with those of the other 
genera and with the male flowers of Welwitschia will certainly lead to the 
conclusion that the ovule (i.e. nucellus + envelope I, vide Plate XVIII) is 
strictly homologous throughout the group. 

The view that the second envelope of the Welwitschia female flower is 
the equivalent of the whorl of microsporophylls of the male flower is not 
disproved. On the other hand, there is no convincing evidence in its favour. 
The same is true for the alternate hypothesis, which neverthless most 
morphologists will probably prefer, viz. that this envelope (II, Plate X VIII) 
in Welwitschia and Ephedra is homologous with II (and therefore with IIT) 
of the Gnetum flower. The comparison may probably be extended to the 
two whorls of “ perianth ” in the male flower of Welwitschia. 

If these generalisations represent an approximation to the truth, we 
must accept the conclusion that these four flowers are modifications of a 
common primitive type—a conclusion which has never been seriously ques- 
tioned. Hitherto the only direct evidence for the former existence of such 
a common type has been the present existence of the male flower of 
Welwitschia—presumed to be a reduced condition of a primitively herm- 
aphrodite flower. To this we may now add the new knowledge furnished by 
MM. Lignier and Tison for Gnetum. 

A functionally hermaphrodite spike occurs not uncommonly in Gnetum f¢ 
as well as in Ephedra.f The new light now thrown upon the relation 
batween the flower and the spike in Gnetum compels us to consider whether 
it dogs not also provide a new basis for the comparison of the flowers and in- 
florescences of the group and for tracing their descent from a common type. 


* Of. Coulter and Chamberlain, 1910; Lignier and Tison, 1912, p. 125. 
+ Pearson, 1915, B and C. 
t Wettstein, 1907 ; Porsch, 1910. 
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MM. Lignier and Tison have considered this question, and, for an obvious 
lack of evidence, have answered it in the negative. * 

The chief difficulty is presented by the so-called male flowers of Gnetum 
and Ephedra. But as long as there exists any doubt as to the correctness 
of the current interpretation of these sporangiophores and their “ perianth,” + 
the possibility that the hypothetical primitive structure of §5 (p. 82) and 
the reduced hermaphrodite flower of Welwitschia are more nearly related 
than at present seems possible, cannot be dismissed. 


NaTIonaL Botanic GARDENS, 
KIRSTENBOSCH, 
June, 1916. 


Note.—This paper owes its origin to a letter dated December 22nd, 
1915, in which the late Professor Lignier discussed the interpretation of the 
Gnetalean flower adopted by him and his collaborator, M. Tison. The 
greater part of it was written in the expectation that it would have the 
benefit of Professor Lignier’s criticism. It is completed in a spirit of 
homage to the memory of a distinguished botanist. 


* Lignier and Tison, 1913, p. 72. 
+ Pearson, 1915, C. 
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EXPLANATION OF PLATE XVIII. 


Diagrammatic longitudinal sections (tangential to axis of the spike) through) the 
Gnetalean female flowers and the ovule and ovular envelope of the male flower 
of Welwitschia. Only the lower part of the micropylar tube is shown, except in 
Welwitschia ¢, in which its middle portion is omitted. 

I, II, III = envelopes in centrifugal order (strong lines=vascular system). 

A=base of androecial tube in Welwitschia ¢. 

E.S.=embryo sac. 

N=nucellus. 

S=“ stigma” of Welwitschia ¢. 
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Fig. 3.—Gnetum °. 


Fig. 4.—Ephedra °. 
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A SURVEY OF THE SCORPION FAUNA OF SOUTH AFRICA. - 


By Joun HeEwi1rvr. 
(With Plates XIX-XXXIT.) 


Introduction. 


The main features of the scorpion fauna of South Africa have been known 
for some years, though up to the present time no complete lists or descriptions 
of the fauna as a whole have been available, except such as are contained in 
Prof. Kraepelin’s general work in Das Tierreich. The literature on the 
subject is not very extensive. The descriptions of the earlier authors, 
Gervais, C. L. Koch, and Peters, are unfortunately practically useless for 
present-day purposes, and I have made no attempt to identify species from 
their accounts. In the year 1877 Dr. Thorell’s important paper, the Htudes 
Scorpiologiques, was published: this contains excellent and detailed descrip- 
tions of various South African species, but as the author was unable to give 
locality data for his material the usefulness of his paper is greatly impaired. 

The distribution of the various species remained wholly unknown until 
Mr. RB. I. Pocock published his series of papers on the South African material 
contained in the collection of the British Museum: those papers added 
greatly to the knowledge of scorpion systematics and distribution, for 
besides describing many new species, the author completely revised the 
various genera concerned as far as his material permitted. 

About the same time Prof. K. Kraepelin, of Hamburg, made various 
contributions to the same subject: he was able to examine many of the 
type-specimens of earlier authors, and thus we are indebted to this authority 
for the synonymy of various species. Kraepelin’s important work in Das 


Tierreich furnishes the modern classification of scorpions, and contains short | 


descriptions of all the species then known, with a complete bibliography : 
the distribution of South African species is, however, very imperfectly 
treated, for the author seems to have had comparatively little material at 
his disposal, and his account of the genera Hadogenes, Opisthacanthus, and 
Parabuthus is by this time obsolete. The most recent paper of Prof. 
Kraepelin (12)* contains a useful list of records from the territory then 
known as German S8.W. Africa. 


* Throughout this paper bracketed numbers indicate the literature referred to, and 
correspond with those in the numbered list given at the end of the paper. 
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By far the most important works on South African scorpions are the 
several papers by Dr. W. F. Purcell based on the collections of the South 
African Museum. Those collections were very much more extensive than 
any available to the several authorities in Europe, and moreover, the greatest 
care was taken to make the locality data precise and completely reliable. 
Dr. Purcell’s monographs of the genera Opisthophthalmus and Parabuthus 
are of quite exceptional value, and for many years must remain the standard 
work on the subject. 

A fairly large collection of scorpions was made a few years ago by 
Dr. A. Penther in the course of his travels through South Africa. Records 
of the species and descriptions of the new forms were subsequently prepared 
by Penther, but there are various discrepancies of distribution in his paper 
which seriously detract from its value, and most of his new species seem to: 
have been ill-founded. | 

A few species have been described by other authors, Dr. Karsch, Mr. E. 
Simon, Mr. A. 8. Hirst, and the present writer. Simon’s paper is based on 
the collections of Dr. H. Schinz in the Kalahari and German 8.W. Africa,. 
and includes descriptions of several interesting forms, but unfortunately the 
exact provenance of the type-specimens is unknown. 


In the following paper an attempt has been made to provide a reliable 
synopsis of the main distinguishing characters of all the species and varieties 
known to inhabit South Africa: the distribution has been indicated as fully 
as possible without repeating the detailed records of Dr. Purcell. Several 
new species or varieties are described, and in the endeavour to arrange a 
natural classification it has seemed necessary in a few cases to assign 
subsidiary value to forms which have previously ranked as species. 

This paper is not intended to be an all-sufficient guide to the study of 
scorpions, but as far as possible should be used in conjunction with the 
works of previous authors. No lists of synonymy are given, as on the whole. 
I have accepted the results given in the lsts of Kraepelin and Purcell: an 
independent list could only be attempted by workers to whom the types 
of early authors are available. The gross distribution of the genera of 
scorpions is not dealt with here, as the main facts can be found in Das 
Tierreich. Since the appearance of that work only two new genera have 
been described from South Africa, viz. Pseudolychas and Karasbergia, each 
of which is mentioned hereafter. 

As yet, I have made no intensive studies of distribution, though no 
doubt important results may be expected from a detailed examination of the 
data presented in a limited area where several allied species occur. The 
finer problems of distribution and variation, which are so significant to the 
student of evolution, are likely to prove comparatively simple in the case of 
creatures so sluggish in habit and possessing characters so well defined as. 
scorpions. 
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For convenience sake, the northern limits of South Africa are taken as 
the Zambesi and Cunene Rivers. Two faunistic areas may be roughly dis- 
tinguished, viz. (1) a Western area extending from the south-west portion of 
the Cape northwards to Damaraland, and including the karroid regions of 
the Cape and the Kalahari desert; (2) an Eastern area extending from 
Southern Rhodesia southward to eastern Cape Province and thence for some 
distance along the southern coast. The Western area is very prolific in 
species of Opisthophthalmus and Parabuthus: the Eastern area is very 
poor in species of those genera, but is characterised by a rich development 
of the genera Cheloctonus and Opisthacanthus, the former being apparently 
peculiar to the eastern parts of South Africa. 

A good many additions to our faunistic lst may be anticipated from 
future workers. The vast area of Southern Rhodesia is largely unexplored, 
except in the neighbourhoods of Bulawayo and Salisbury. Namaqualand 
and Damaraland, which have evidently a rich Arachnid fauna, will probably 
yield many novelties, and in any case the species already recorded therefrom 
are still very imperfectly known: it is significant that only three years ago 
a hitherto unknown genus, as well as several other new forms, were taken 
during a short visit to Namaqualand by the Hon. P. A. Methuen. 

The locality data recorded in this paper are based on material in the 
Albany Museum, except where otherwise stated. I am greatly indebted to 
Dr. Breijer, the Director of the Transvaal Museum, for permission to 
examine the extensive collections in that institution, and to several members 
of the Transvaal Museum staff, especially Mr. G. van Dam and Mr. A. 
Roberts, for so consistently obtaining scorpion material from every available 
locality. Mr. A. 8. Hirst, the Curator of Arachnida in the British Museum, 
has helped me on various occasions with detailed descriptions of material 
under his charge, and several years ago, during my visit to the British 
Museum for the purpose of examining Mr. Pocock’s types, his kind assist- 
ance and advice were of great service. For the loan of material I also 
desire to express my indebtedness to the authorities of the Durban Museum, 
the King Williamstown Museum, the McGregor Museum, Kimberley, the 
Natal Museum, Pietermaritzburg, the Port Elizabeth Museum, and the 
Rhodesian Museum, Bulawayo. Lastly, to numerous private persons, whose 
names are mentioned hereafter, I am especially grateful for their assistance 
in collecting these somewhat unattractive creatures for the Albany Museum, 
the extensive Arachnid collections of that institution having been built up 
entirely through voluntary effort. 


~~ 


Some General Remarks on Variation and Distribution. 


When devoting considerable time to the critical examination of some 
thousands of specimens one cannot be unmindful of the opinions of those 
modern evolutionists who hold that the phenomenon of species is an illusion. 


92 Transactions of the Royal Society of South Africa. 


If the investigation be limited to such a genus as Hadogenes, their views 
may be seen to be confirmed. In that genus there are numerous local forms, 
the extremes of which differ greatly from each other, though the form of any 
one locality is more or less constant in structure but of limited range of 
distribution. These forms are conveniently arranged into a small number 
of groups called species, but it may perhaps be found that the lines have 
been drawn somewhat arbitrarily between the groups, and certainly the 
differences between them are only of the same kind as though greater in 
magnitude than those between the several forms of the same group. In the 
genus Hadogenes, so far as I can ascertain, no two species or varieties are 
ever found living together in precisely the same locality, and one might 
therefore be inclined to suspect that all the various forms are only geo- 
graphical races of one species. Hadogenes whiter, as found near Grahamstown, 
is quite different from H. gracilis occurring near Pretoria, but the two are . 
linked together through the Transkei and Cradock varieties, which incline 
definitely towards whiter, being now included therewith in the species 
H. trichiurus Gerv., and through the O’okiep variety, which on the whole 
approaches more closely to gracilis; we seem compelled to anticipate that a 
complete series of gradational forms must be found to exist between the two 
extremes. 

I do not feel satisfied, however, that the whole genus is connected up in 
this way. Although, as a general rule, those forms which are geographically 
adjacent are also more closely related to each other in structure than those 
which are widely separated in space, yet it sometimes happens that forms 
which differ widely from each other in structure are to be found living in 
close proximity though perhaps not actually together. This is the case in 
the Pretoria district, where two well-defined species occur, viz. H. gunningt 
Purcell and H. gracilis Hewitt. They occupy distinct mountain ranges in 
that district, and, according to Mr. G. van Dam, who has extensively col- 
lected these species, they do not occur together. So far as we can judge, 
these two species are not associated with different environmental conditions, 
and it would seem probable that the only external factor contributing to the 
maintenance of structural difference is isolation. 


According to Prof. Bateson, “the only definable unit in classification is 
the homozygous form which breeds true” ; and again he says, “ these little 
species, finely cut, true-breeding, and innumerable mongrels between them, 
are what one finds on examining any so-called variable type.” This sugges- 
tion no doubt contains an element of truth, but I think the importance of 
the “little species” is greatly exaggerated by Bateson. If a large series 
of scorpions belonging to a single species and collected within the same 
limited area be carefully examined, we shall find a high degree of constancy 
in certain characters but a fairly wide range of variation in others. I have 
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whitei Purcell, and her Newborn Young. 
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examined the numerous newly-born progeny of the same mother in three or 
four distinct species of scorpion, and found exactly the same state of affairs, 
The following tables show the number of pectinal teeth found in the 
individuals of a small unselected series of adult or subadult specimens 
of Opisthophthalmus latimanus and in the individuals amongst a batch of 
newly-hatched young of Hadogenes whitet, all taken from the same parent. 


Number of Pectinal Teeth in an Adult Female of Hadogenes trichiurus 


Left side. 
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jt 
Ox 
Presumably males, 


Number of Pectinal Teeth in Adult or Subadult Kxamples of Opisthoph- 


thalmus latimanus Koch, from Eastern Cape Province. 
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The asymmetry and other variation met with amongst the individuals of 
a newly-born litter may conceivably be the result of inequalities of nutrition 
during the prenatal period, but most probably it arises from true germinal 
variation: the food factor certainly seems to be of no importance during the 
postnatal period, for the range of variation in the pectinal teeth of newly- 
hatched young seems to be practically the same as that exhibited by a series 
of adults collected in the same neighbourhood. Assuming the truth of this 
inference, as long as the members of the same family present such germinal 
variations it is clear that the local race, or “little species,” composed of 
many families, cannot be regarded as a “finely cut” unit: such mathe- 
matical units might perhaps be bred out by careful selection in a laboratory, 
but they do not seem to occur naturally amongst scorpions. Of course we 
might arbitrarily divide the specimens of the same species taken together 
in a limited area into so many sets, the members of each set agreeing 
together entirely in respect to any one variable character, but such sets 
would have no natural value unless they should happen to completely 
coincide with the sets constituted on the basis of some other character. 


Turning to other genera, we cannot fail to be greatly impressed by the 
wide variability of many species. Forms which hitherto have been regarded 
as quite distinct are now known to be completely connected by intermediates. 
In the genus Opisthophthalmus, for instance, I do not hesitate to unite 
under one specific name the Transvaal species O. pugnax Thorell with the 
O. latimanus Koch of the Eastern Province: probably it will eventually be 
found that O. capensis Herbst and O. granifrons Poe. are only geographical 
races of the same thing. The species O. austerus Karsch, which seemed to 
Dr. Purcell a very distinct form, without near relationship, is now seen to 
be closely connected with latimanus Koch. There can be little doubt but 
that in this genus there exists a great number of local units, some of which 
pass insensibly into each other; whether the small units are naturally 
aggregated into larger ones possessing the definiteness of species is not so 
obvious. Nevertheless there are some facts which seem to me to indicate 
clearly that such major units do exist. When two forms which differ 
appreciably in structure can live together in precisely the same environments 
without showing any indication of interbreeding, we are surely justified in 
regarding them as distinct entities. Such instances are known to me, but 
are not common in the genus Opisthophthalmus. It occurs in the case of the 
allied species O. karrooensis Purcell and O. austerus Karsch; O. latimanus 
Koch and nitidiceps Poc. occur together in the same environment at Alice- 
dale, and apparently latumanus extends over the whole area occupied by 
nitidiceps. In the genus Parabuthus, Dr. Purcell has remarked that no less 
than six distinct species are to be found living side by side in Bushmanland : 
instances in the genus Opisthophthalmus are given in Dr. Purcell’s introduc- 
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tion to his paper on that genus. Again, the stability of certain specific types 
is amply proved by their wide distribution. Opisthophthalmus karrooensis 
is a very common species in the Karroo. Specimens of this species from 
Jansenville seem to be identical (except in size) with material from Williston 
and Carnarvon, more than two hundred miles away: these sluggish creatures 
distribute slowly, and probably hundreds or even thousands of generations 
separate the Jansenville and Williston specimens from their common 
ancestor. 

The species Uroplectes triangulifer Thorell has a very much wider range, 
and though variable within narrow limits is clearly a natural unit. 


According to the evolutionists, discontinuity within a genus may be 
connected with two distinct types of variation: either, characters which 
behave as indivisible units in inheritance may be present or absent ; or, the 
variations of a character may take the form of a gradational series from one 
extreme to the other, discontinuity arising by the disappearance of one or 
more members of the series. In reality the two types of variation cannot be 
very sharply distinguished, for all variation proceeds by jumps which only 
differ in magnitude ; there is an important difference, however, in the process 
of evolution, for whereas in the former case discontinuity may arise solely as 
a result of internal impulses, in the latter case some outside factor such as 
natural selection or isolation is required to complete the process. From an 
examination of the few facts that are available to us, the broader facts of 
distribution and of variation, I am inclined to suspect that both methods 
have contributed to the diversity among scorpions. When we see two 
closely allied species living together in precisely the same environment, it is 
difficult to understand how natural selection or any other external factor can 
have brought about a splitting of the original common stock. Such species 
are not generally so closely related in structure that they can be regarded 
with certainty as the descendants of an immediate common ancestor, yet 
sometimes (cp. Opisthophthalmus glabrifrons and O. latimanus pugnax, which 
both occur in the vicinity of Pretoria) the species concerned are without 
doubt more nearly related to each other than to any other known species. 
On the other hand, the occurrence of numerous local forms of a species 
seems more readily explained as an indirect consequence of isolation or some 
environmental factor acting on the several portions of a variable stock. 

The suggestion that the larger units, commonly called species, which 
coexist in the same environment, may arise by mutation processes, whilst 
the minor units known as “little species,” or geographical or topographical 
varieties, arise through a process of continuous variation, is one which can 
best be tested through a critical examination of the constancy or otherwise 
of the characters concerned. The value of the characters employed by 
systematists in the discrimination of species of the genus Opisthophthalmus 
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has been well discussed by Dr. Purcell (15). The external structure of 
scorpions presents quite a large number of variable characters, but, as 
Dr. Purcell emphasised, the majority of these, in the genus Opisthophthal- 
mus at any rate, cannot be used in the separation of species ; the variation of 
these characters is in short quite continuous. 

Characters which are to be regarded as essentially mutational seem to: 
be rare. The stridulatory lamellae on the chelicerae of many species of 
Opisthophthalmus must certainly be regarded as new characters which have 
arisen quite suddenly in the genus. In the typical form of O. latumanus 
those lamellae seem to be constantly present: in all specimens I have been. 
able to examine of the form keilandsi they were constantly absent. They 
are absent in specimens of glabrifrons from certain localities, present in 
specimens from other localities. In a strict sense, however, this cannot be 
regarded as a unit character, for the number of lamellae when present 
varies considerably even in specimens from the same locality. Moreover, 
I have seen an example of glabrifrons in which lamellae are present on one 
chelicera, but completely absent on the other chelicera. 

So far as I can ascertain, the external structure of scorpions in the 
genus Opisthophthalmus presents no character which behaves throughout 
the whole range of the genus as an absolute unit, which is either fully 
present or completely absent. If we consider any character whatsoever it 
will be found to present a gradational series of variations throughout the 
genus, though in particular species the character may be remarkably 
constant. A very constant character is the presence or absence of a well- 
developed Y-shaped fork on the frontal area of the carapace, but the 
partially developed fork which occurs in some species may fairly be re- 
garded as intermediate between the two conditions. Nevertheless, although 
the conception of absolute unit characters cannot be strictly entertained for 
the whole genus, there is undoubtedly a real difference between the con- 
stancy of characters which distinguish allied species living together in the 
same environment and those which distinguish geographical varieties of 
the same species. In describing Opisthophthalmus peringueyi, Dr. Purcell 
stated that almost the only important difference between that species and 
pallidipes lies in the granulation of the carapace, the numerous very coarse 
granules on each side of the interocular area so characteristic of pallidipes, 
being replaced by comparatively fine granules in peringueyi. Now this 
character is noteworthy in the genus for its relative constancy, and Dr. Purcell 
speaks of it as an excellent specific character. These two species, peringueyt 
and pallidipes, are both represented in our collection from Steinkopf. If we 
turn to a totally distinct group of the genus we find the two species macer 
and fossor separated principally by the same character and living in the same 
area (Caledon and Worcester Divs.); and the same applies to macer and 
chaperi, which, according to Dr. Purcell, occur in equal abundance on the 
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same spot. The two species OU. austerus and O. karrooensis, which both 
occur at Victoria West, are also mainly separated from each other by this 
character, though certainly other but minor points of distinction do exist.. 
In these several pairs of species the character concerned shows the con- 
stancy of an absolute unit, for no indication of intermediates occurs. It 
would appear therefore that the same process has taken place quite inde- 
pendently in three different areas operating on three different stocks, and 
resulting in each case in the formation of a pair of similarly contrasting 
species. That process might conceivably be a different one in each case,, 
but if Tam right in beheving that the individuals of a pair do normally 
live side by side, it would seem that the simplest explanation of the facts 
is to be found in the mutation hypothesis. Still, we may safely say that 
the various species of Opisthophthalmus are not to be regarded as so many 
rigidly separated units, for the existence of such mathematical units must 
depend upon the occurrence of absolute unit characters, which alone can 
be used in the discrimination of species as thus understood. It is probably 
quite true that O. pallidipes Koch, and O. pervngueyi Purcell, are rigidly 
separated from each other through the character previously mentioned in 
the locality where these species occur together; but, unless the characters 
which mark off these two species from the rest of the genus are also quite 
sharp, there is a possibility that structurally the two species may be con-. 
nected up, though very indirectly, through other species. In view of the 
continuous variability of most of the characters employed in the distinction 
of species amongst our scorpions, it seems probable that discontinuity arises, 
most frequently through the elimination of intermediate forms rather than 
by mutation processes. Perhaps it is more apparent than real, and the: 
gaps now existing may be filled up by the material of future collectors. 


Evolution amongst scorpions has not proceeded altogether independently 
of the environment. Some of the species are obviously confined to particular 
environmental regions. This is the case, for example, with Opisthophthalmus: 
karrooensis, which is specially associated with the karroid regions of the 
Cape, and Dr. Purcell believes that a narrow strip of country along the 
Western Cape Coast, characterised by winter rains, is the peculiar habitat 
of other species. It is significant that in each of the larger genera— 
Opisthophthalmus, Parabuthus, and Uroplectes—we find one representative- 
whose distribution area is the southern coastal strip of the Cape Province.. 
In Opisthophthalmus we may roughly divide the genus into a Western 
section characterised by the presence of a V-shaped groove on the frontal 
area and an Eastern section which has no such groove. Now in a southerly: 
direction the Western section extends as far eastwards as Port Elizabeth, 
and this same locality is the south-western limit of the Eastern group of. 
forms included under the name of O. latimanus. In the genus Uroplectes,. 
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the Eastern species U. formosus, which is very common in Natal and Eastern 
‘Cape Colony, apparently extends westwards only as far as Port Elizabeth. 
Such facts find numerous almost exact parallels in the distribution of 
various groups of animals and of plants in South Africa. 

Now if these areas are, as I believe, characterised by distinct environ- 
mental conditions, we may infer that directly or indirectly the diversity of 
environment afforded within the whole region has probably been an important 
factor in the causation of the diversity now found within a genus. How this 
factor has operated we do not know, nor does it seem necessary to suppose 
that all species formation is connected with environmental differences. 

There are systematists who claim that a direct connection can be estab- 
lished between the multiphcity of species in a genus and diversity of en- 
vironmental conditions. For instance, a generalisation of plant distribution 
known as Jaccard’s Law states that “the generic coefficient is inversely 
proportional to the diversity of ecologic conditions’’—the generic coefficient 
total number of genera 
total number of species 
as a percentage. Unfortunately, in the case of scorpions we can form no 
proper estimate of the value of this proposition owing to our ignorance of the 
important ecological conditions. Even when two allied species occur side by 
side, as they sometimes do, it is still just possible that each may be exactly 
correlated with some special minutiae of the environment. In a general 
way we can say that amongst the external factors which matter to scorpions 
-are—degree of humidity, nature of the surface of the ground (especially in 
the presence or absence of large stones), nature of the soil, and probably the 
minimum winter temperature; but, having ascertained such data in the 
several portions of any particular region, no one would venture to predict 
what the generic index may be. This so-called law is in fact only a plausible 
hypothesis, as yet not adequately supported by actual facts. Although, as I 
have previously stated, the environmental factor is probably an important one 
in species formation, yet in several regions which are particularly rich in 
species this is apparently not the sole factor of importance: it is doubtful if 
the exceptional richness in species of Opisthophthalmus and Parabuthus that 
characterises the arid regions of North-West Cape Province can be rightly 
connected with a corresponding diversity of environmental conditions in that 
region. So far as we know at present, mere isolation may be the cause of 
considerable diversity, at least within a species: as in many other sluggish 
creatures, local forms are very numerous, and without doubt are an indirect 
result of isolation, though how far other factors may have co-operated we 
cannot say. 

So far as I can judge, structural adaptations to particular environments 
are not strikingly exhibited. The coarse granulation of the sternites and 
of the lower surfaces of the anterior caudal segments in various species of 
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Opisthophthalmus perhaps serves the purpose of securing a_ better grip on 
the substratum, and it is interesting to note that such coarse granulation is 
completely absent in the species characterised by weak and elongated hands 
in the male, in which species apparently the characteristic burrowing habit 
of Opisthophthalmus is lacking: still, it should be added that certain species 
with smooth sternites are undoubtedly burrowers. Such coarse granulation 
on the sternites is not found in any other genus in South Africa, and the 
burrowing habit also is much less marked in other genera, though it is 
known to occur in Cheloctonus crassimanus. Amongst the Buthidae a 
somewhat analogous adaptation apparently is that met with in the first 
three caudal segments of Parabuthus brevimanus and of Karasbergia methuenr. 
These species, though only very indirectly related to each other, have each 
acquired a peculiar modification of the crests on the lower surfaces of the 
anterior caudal segments, which would seem to indicate an adaptation to 
the sandy habitat in which they live, both species occurring at Kakamas. In 


this case it is difficult to imagine that the result is a mere coincidence of 
purposeless variation. 


An interesting study in evolution is afforded by the stridulatory 
mechanisms found amongst our South African scorpions. Stridulation 
occurs in three different genera, Opisthophthalmus, Parabuthus, and Pan- 
dinus, but, curiously enough, by a different mechanism in each case. These 
were discovered and described by Mr. R. I. Pocock, and I have only a few 
remarks to add to his account. 

In the genus Parabuthus a stridulatory organ was first identified as such 
in P. flavidus, where the organ is strongly developed, the stridulatory area 
on the upper surface of the second caudal segment being narrowly channelled 
and crossed by stout ridges. According to information received from reliable 
observers, stridulation also occurs in species where that area is considerably 
less modified, the upper surface being broadly excavated and covered with 
granules, none of which are enlarged into transverse ridges: this is the case 
in P. capensis ( fide A. Gibbons) and in P. villosus ( fide Prof. Pearson), and 
I believe it will prove to be general or universal in the genus. On the other 
hand, although in P. planicauda Poc. there is what appears to be a fully 
established stridulatory organ, the first two caudal segments being modified 
superiorly and the stridulatory area uniformly shagreened, yet stridulation is 
not known to occur in this species, living examples at Alicedale (F. Cruden) 
having been kept under observation for some time with negative results. In 
P. granulatus, on first inspection, there seems to be scarcely a trace of a 
stridulatory organ, the first and second caudal segments superiorly entirely 
resembling the succeeding segments, except that mesially there is a very fine 
granulation which is lacking in the fourth and fifth segments and almost so 
on the third segment: nevertheless, after trials with spirit-preserved material, 
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I am inclined to suspect that stridulation is possible even in this species. 
although it possesses only the first rudiments of the stridulatory organ. 
Passing through the genus, we find a fairly complete gradational series 
connecting those forms in which there is a well-defined granulated stridulatory 
area with those in which the area is prominently ridged and confined to a. 
narrow mesial channel. 

It is tempting to suppose that the evolution of the highly developed 
stridulatory apparatus of Parabuthus flavidus has been guided by some 
process of selection, that in the particular environment occupied by this 
creature the ability to stridulate loudly is of some special advantage. One 
of the results of the hissing of scorpions is without doubt to cause hesitation 
and alarm in an impending foe, but in some species it may also be a sexual 
call. In such formsas P.laevifrons militum, and probably also in P. stridulus,. 
the development of the cross ridges of the stridulatory apparatus is much 
more strongly pronounced in males than in females, though in other respects 
the male is not more powerfully developed. Still, in various genera of 
scorpions the granularity of any particular region is often much more 
strongly marked in males than in females; this is the case, for example, in 
various species of Opisthacanthus in respect to the sides of the fifth caudal 
segment and the lower surface of the vesicle, and it also applies very 
markedly to the granulation of the sternites in the genus Opisthophthalmus.. 
In such cases it is by no means clear that the secondary sexual differences. 
are the result of some form of sexual selection. 

In the genus Opisthophthalmus the variation of the stridulatory 
mechanism is of a different type, and no sexual differences are known in 
this character. The stridulatory lamellae are either completely absent or 
present in a fully developed condition, the number varying from 1 to 7. 
Seeing that a stridulatory apparatus has been developed amongst our 
scorpions in three quite different ways, we may assume that the function 
must be of considerable importance; yet, in the genus Opisthophthalmus,. 
species which do not stridulate may enjoy a wide distribution and sometimes 
occur with equal abundance in the same localities as their closely related 
allies which do stridulate. 


Key to the Families and Sub-families of South African Scorpions. 


1. Arising from the articular membrane between the tarsus and pro- 
tarsus * of each leg, there is inferiorly a pair of pale but dark-tipped claw- 
like spurs, the anterior one of which is usually double; and between the 
protarsus and tibia of the third and fourth legs there is a single spur 

* Pocock’s nomenclature of the segments of the legs and pedipalps is here: 
followed, viz.: in the leg, Coxa, trochanter, femur, patella, tibia, protarsus, and 
tarsus; in the pedipalp, Coxa, trochanter, humerus, brachium, hand, and movable: 
finger. 
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inferiorly. Hand usually very slender, the upper surface never separated 
by a keel into inner and outer portions. Fam. Buthidae. 
Only one spur (the anterior one) between the tarsus and protarsus of 
each leg, and none between the protarsus and tibia of the third and fourth 
legs. Hand large, the upper surface usually divided by a finger keel into 
inner and outer portions : . Fam. Scorpionidae 2 
2. The tarsus of each leg has a pair a réunided lateral lobes at the end, 
which lobes overlap the bases of the claws and often extend as far as the 
superior lobe or beyond. Tail strong, the first four segments normally with 
8 keels. Adults without a prominent lobe near the base of each finger. 
Sub-fam. Scorpioninae. 
The tarsus without a pair of rounded lateral lobes at the end, but 
sharply truncated on each side, the superior lobe projecting far beyond the 
lateral extremities of the segment. Tail rather weak, the lateral surfaces 
without well-developed keels. Normally there are 4 inferior caudal keels 
and 2 superior keels. Adults usually with a prominent lobe near the hase 
of each finger . : . Sub-fam. Ischnurinae. 


Key to the Genera of South African Scorpions. 


Fam. BuTHIDAE. 


1. Two teeth on the lower margin of the immovable finger of the 
chelicera. (Species usually large) . ; , oe) 
A single tooth on the lower margin of the nema finger of the 
chelicera. (Species small). . 3 
No teeth whatever on the lower margin of te iaaayable finger of the 
chelicera. (Species small, or at any rate not large) ; . A 
2. Abdominal tergites with three well-marked granular treo carapace 
with conspicuous granular keels symmetrically disposed ; ora digit 
with numerous median rows of teeth, the proximal tooth of each row 
enlarged and flanked on the outer side by another large tooth; also with 
an inner series of isolated single teeth set in advance of those of the outer 
series; basal pectinal tooth of adult female not enlarged. Buthus, Leach. 
Abdominal tergites with only a weakly developed median keel, the 
lateral keels obsolete or represented. only by a granule posteriorly situated ; 
carapace not keeled; dentition of digit similar to that in Buthus; basal 
pectinal tooth of adult female broadly dilated (except in P. granulatus). 
Parabuthus, Pocock. 
3. Movable finger with 6-7 main rows of teeth and 6-7 anterior 
flanking teeth, the enlarged one at the base of each main row flanked 
externally by 2 similar teeth; basal pectinal tooth of female greatly en- 
larged ; abdominal tergites with three keels, but carapace though granular 
throughout is not keeled; vesicle with a tubercle inferiorly near the base 
of the aculeus. : : . Pseudolychas, Kraepelin. 
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4. Dentition of movable finger very variable, but there is always an 
external and internal series, in addition to the main rows; tergites with 
1 or 8 keels; carapace without distinct granular keels or with indications 
of a pair posteriorly; basal pectinal tooth of female often broadened or 
elongated, but sometimes unmodified; vesicle with or without a tubercle 
inferiorly . : .  Uroplectes, Peters. 

The granular tai on te aowable eater comprise 8 or 9 main rows 
and 8 or 9 inner enlarged flanking granules, but there are no outer 
granules whatever, though the proximal one of each main row may be 
slightly enlarged; tergites with 1 keel; carapace without keels; vesicle 
without tubercle inferiorly . Karasbergia, Hewitt. 


Fam. ScORPIONIDAE. 
Sub-fam. Scorproninae. 


1. On the ventral surface of the brachium, near to its posterior margin, 
there are only a few trichobothria*; ventral surface of coxa of pedipalp 
is not finely roughened on that portion which rubs against the maxillary 
process of the coxa of the first leg; upper surface of hand generally with a 
finger keel; humerus with distinct anterior and superior surfaces which are 
usually separated by a granular crest, but sometimes the crest is ill defined ; 
anterior margin of carapace without a deep posteriorly directed incision 
mesially ; Opisthophthalmus,t C. L. Koch. 

On the flat ventral amines of the brachium, near to its smooth posterior 
keel, there are several rows of numerous trichobothria; on the ventral 
surface of the coxa of the pedipalp in its basal half is a rather large matt 
area (finely granulated under low power of microscope), free of hairs, where 
it rubs against the maxillary process of the coxa of the first leg; anterior 
margin of carapace deeply incised mesially ; upper surface of hand without 
finger-keel or any other keel. . Pandinus, Thorell. 


Sub-fam. Ischnurinae. } 


1. Ventral surface of brachium with numerous trichobothria arranged 
in 1-3 rows near to the granular post-ventral border, and similarly also on 
the under surface of the hand, near its posterior margin; tail strongly 
compressed laterally, often greatly elongated in the male, being always 
longer and more slender in the adult male than in females; the two infero- 


* Setiferous pores, perhaps sensory in function. 

+ This genus seems barely distinguishable from Scorpio, found in North Africa. 
and Asia (see Kraepelin in Mit. a. d. Nat. Mus., Hamburg, xxx, p. 184), and may have 
to be united therewith. 

t This is given the rank of a distinct family, Ischnuridae, in Mr. Pocock’s work 
the “ Arachnida,” British India Series. 
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median keels of each caudal segment, except the first, tend to merge into 
each other and cannot be sharply separated ; pectinal teeth usually nume- 
rous, 18 to nearly 30 in the adult male; cutting edge of fingers armed with 
2 continuous parallel rows of teeth; carapace and pedipalps more or less 
strongly depressed . . Hadogenes, Kraepelin. 

Ventral surfaces of brachium aa a hand with only few trichobothria 
near the posterior margins; tail not so strongly compressed laterally, not 
modified in the adult male; the two inferomedian keels of each caudal 
segment are well separated from each other except sometimes in segment V ; 


pectinal teeth not more than 10. mo 
2. Cutting edge of fingers armed with Q ponanene parallel rows of 
oranular teeth ; : . Opisthacanthus,* Peters. 


Cutting edge of fingers eee with only a single continuous row of 
eranular teeth, adjacent to which inferiorly there is a series of about 5 or 
6 widely separated teeth Cheloctonus, Pocock. 


Fam. BUTHIDAE. 
Gen. BUTHUS Leach. 


1. B. rrinineatus Peters, Mon. Ak. Berlin, p. 515, 1862. 

Distribution : The type was recorded from Tette ; an immature specimen 
in the Transvaal Museum collection was taken in the Transvaal, north of 
Zoutpansbergen ; it is recorded by Mr. 8S. Hirst (24), from Feira District, 
from East Bank Loangwa, P.H.A., and from Madona, North-East Rhodesia ; 
according to Kraepelin (10) it extends to German East Africa. In the 
Transvaal specimen all the keels of the last abdominal sternite are rather 
strongly granular ; there are 13-14 granular rows on the digits and 25 pectinal 
teeth ; the supercilary ridges and groove of the ocular tubercle are granu- 
lated. It seems doubtful whether this species can be separated from 
B. minax L. Koch, of the Sudan, and Erythraea, and as Peters’ type is lost 
and his description incomplete, Kraepelin has recently abandoned the name 
trilineatus (see Mit. a. d. Nat. Mus. Hamburg, xxx, p. 169). 


2. B. conspersus Thorell, Actes Soc. Ital. Sci. Nat. xix, p. 115, 1877. 

The specimen on which this species was founded came from “ Caffaria,”’ 
where it was taken by Wahlberg. The type was almost certainly immature, 
being only 39 mm. long, but it was probably quite distinct from trilineatus, 
with which it has been associated by Kraepelin (10), and quite recently it 
is recognised by that authority as a distinct species. Unfortunately the 
type is the only specimen yet recorded. 


* The related genus Jomachus is recorded by Kraepelin from “ Natal” (I. politus 
Poe.), but the record needs confirmation. 
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3. B. arenaceus Purcell, Ann. 8. Af. Mus. ii, p. 187, 1901. 
Distribution: The type from Little Bushmanland ; Prof. Kraepelin (12) 
records it from Gibeon in Great Namaland. 


Key to the Species of Buthus recorded from South Africa. 


Sternites smooth at least over their mesial areas, the fourth sternite 
without median keels and with only indication of a pair of smooth lateral 


keels ; pectinal teeth 25-27 . B. trilineatus Ptrs. 
Sternites smooth, but the fourth, ie oe fifth, with 4 subgranular keels ; 
pectinal teeth 14; digit with 12 granular rows . . B. conspersus Thor. 


All the oer including the first, densely and finely granular over the 
whole surface, the fourth with 4 finely granular keels, the medians being 
very weak and short: pectinal teeth 17-18; digit with 10-11 granular rows. 

B. arenaceus Pure. 


Gen. PARABUTHUS Pocock. 


1. P. puanicaupa Pocock (Pl. XXI, fig.31), Ann. Mag. Nat. Hist. 6, 3, p. 344, 
1889, female only. 
= P. capensis Purcell (not Hemp. and Ehren.), Ann. 8. Af. Mus. 4, 
p. 148, 1901, male and female. 
Distribution: Southern districts of Cape Province, from Tulbagh, 
Worcester, and Caledon in the West to Albany and Cathcart districts in | 
the East. See Purcell (17), Pocock (8), and Hewitt (19). 


la. P. PLANICAUDA var. FRENCHI Purcell (Pl. XXI, fig. 32), Ann. S. Af 
Mus. ui, p. 148, 1901. 
= P. capensis var. frenchi Purcell, loc. cit. 
Distribution: Graaff Reinet, Burghersdorp, Klerksdale near Middel- 
burg (B. Marais). 


2. P. catvus Purcell, Ann. 8. Af. Mus. i, p. 28, pl. iv, 1898, male; vol. 1i, 
p-. 148, 1901, female. 
Distribution: Calvinia and Clanwilliam Districts; also recorded from 
Kamagegas by Kraepelin (11). 


3. P. BREvimaNvs Thorell, Actes Soc. Ital. Sci. Nat. xix, p. 110, 1877. 

Distribution: Great Bushmanland, German §8.W. Africa, and north- 
wards to the Congo; Pocock’s species cristatus (Ann. Mag. Nat. Hist. 7, 7, 
p- 284) from the last-mentioned region being apparently a synonym of 
brevimanus. See Purcell (17), and Kraepelin (11) and (12), also Pocock 
(8). We have it from Kakamas (Miss H. C. Olivier). 


4, P. tarnvirrons Simon, Ann. Soc. Ent. France, 6, 7, p. 379, 1887 
(female?). W.F. Purcell, Ann. 8. Af. Mus. ii, p. 151, 1901 (male 
and female). 
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Distribution: From Bushmanland in the Cape Province northwards to 
Great Namaland. See Purcell (17) and Kraepelin (12). 

Known to me from the Western Kalahari, north of Zwart Modder (Miss 
M. Wilman), and from Kakamas (Miss H. C. Olivier). 

Kraepelin records it from Luderitzbucht, the type locality for my 
P. stridulus, and it seems possible that the two species may have been 
confused together owing to a resemblance between the females. 

In our Kakamas specimen the first six tergites show distinct indica- 
tions of lateral keels, though represented only by a single enlarged granule 
on each side near the posterior margin of the tergite. 

The nature of the granulation of the stridulatory areas is not clearly 
described in the several descriptions hitherto published. Simon’s original 
description, said to be based on a male example, but suspected by Dr. 
Purcell to be a female, includes: Last tereite “in medio minute et crebre 

. granulosum”’; the tail superiorly is ‘laevis, sed in segmentis I et IT 
in medio subtiliter rugosa.” 7 

Kraepelin in “ Das Tierreich” says: ‘“ Dorsalflichen im 1 und 2 Cdsegm. 
mit muldenformiger, matter, im IT Seem. etwas querrunzeliger Lingsarea.” 

In Dr. Purcell’s monograph of the genus we find: “ Upper surface in 
anterior segments (of tail) . . . very finely and densely shagreened mesially. 
Segment II less flattened above (than in I), especially posteriorly ; the 
shagreened area moderately concave, especially anteriorly, constricted 
posteriorly, then widened again, longer and narrower than in I, occupying 
in its widest part only about one-third of the width of the upper surface.” 

Two fairly distinct forms seem to be recognisable, viz. : 

1. P. laevifrons var. australis (nom. nov.), the variety described by 
Purcell, based on specimens taken south of the Orange River. In this 
variety, which is unknown to me, the shagreen on the second caudal seg- 
ment of the adult male apparently does not take the form of broad trans- 
verse ridges, but resembles that of the female. 

2. P. laevifrons var. nov. militum (Pl. XTX, fig. 5), a northern variety 
based on adult specimens from Aus, South-West Africa. This is, I suppose, 
_ the form regarded by Kraepelin as typical, yet, inasmuch as the place of origin 
of the type is unknown and its sex probably female—if adult male, it must 
undoubtedly represent a distinct form—we have no means of ascertaining 
with certainty what are the characters of the type male. The type of 
militum is a single dried specimen, an adult male, in the collection of the 
Albany Museum. It was found in a box of unlabelled insects and arachnids 
which had been buried at Aus, South-West Africa, prior to the evacuation of 
that station by the Germans, and was subsequently unearthed by Pte. J. R. 
Honiball, of C Company, Ist Eastern Rifles, who presented it to the 
Albany Museum. | 
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Carapace.—Granular throughout ; rather finely so in front of the median 
eyes; ocular tubercle quite smooth above. 

Tergites of abdomen finely granular in their anterior half, coarsely so in 
the posterior half. The last tergite is very closely and finely granulated 
over the mesial area, and even posteriorly there are no coarse granules nor 
ridges. There are coarse granules, however, adjacent to and on the inner 
side of the dorsal keels. Between the dorsal and dorso-lateral keels the area 
is rather sparsely, but coarsely granulated. 

Tail—tThe stridulatory area of the first segment is broadly, but only 
shallowly excavated, and there is no median groove. The granulation is 
very fine throughout, and none of the granules are transversely enlarged. 
Anteriorly, the upper and descending surfaces meet abruptly, the angle 
between them being roughly about 100°. In the second segment the 
stridulatory area is quite different. It is confined to a rather narrow median 
channel and consists of a series of transverse ridges; the ridges reach their 
maximum development posteriorly where, at the narrowest part of the whole 
area, one or two of the ridges may stretch practically right across the area. 
There is a very fine granulation on the mesial portion of the upper surface 
of the third segment, but it extends over scarcely more than half the length 
of the segment. 

Intercarinal spaces of first segment sparsely granular at the sides of the 
segment, but quite free of granules ventrally. Segments I-IV with 10 granular 
keels each, but the granulation of the inferior median keels of the first segment 
is almost obsolete, and the fourth middle lateral keel is weak and indeed 
obsolete near the anterior end of the segment. Superior keels of third and 
fourth segment strong throughout their length, of fifth segment almost 
obsolete posteriorly but anteriorly represented by 6 or 7 strong granules ; 
accessory crest of fifth segment almost obsolete, represented by 1 or 2 low 
rounded granules. Sides of segment V with scattered coarse granules 
superiorly near the obsolete portions of the superior crest. First segment a 
trifle broader than the fourth segment. 

Pectines with 36-37 teeth. 

Vesicle of moderate size, with a very deep excavation at the base superiorly. 

Hand very stout and rounded, considerably wider than the brachium. 
Movable finger about 1; times as long as the hand-back. 

Colour yellowish throughout, the last two caudal segments and vesicle 
slightly infuscated, and the spine of the vesicle dark brown. 

Measurements.—Total length 78 mm., length of carapace 9°4mm., breadth 
of carapace 10 mm., width of hand 5:°2mm., length of hand 14mm., width of 
first caudal segment 6°2mm., width of fourth caudal segment 5:9 mm. 


The Durban Museum has an adult female example, also from Aus, 
collected by Mr. G. R. Norris. It differs from the male as follows : 
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Middle lateral keel of fourth caudal segment obsolete: caudal segment I 
superiorly rather more deeply excavated, but the shagreened area narrower 
as compared with the width of the segment between the superior keels: 
stridulatory area of caudal segment II more or less distinctly channelled, but 
the cross ridges not nearly so well developed as in the male, none of them 
even in the narrowest part of the area extending even half-way across the 
area: the excavation at the base of the vesicle superiorly not very deep: 
superior crest of caudal segment V including only about 5 fairly strong 
granules anteriorly, and the sides of the segment superiorly not coarsely 
eranulated: in front of the median eyes, the carapace is granulated mesially, 
but laterally is smooth: hand stout, but only about as wide as the brachium 
measured at its anterior prominence. ‘T'otal length 73°5mm.  Pectinal 
teeth 34. 


5. P. capensis, Hemp. and Ehren. (Pl. XXI, fig. 29), Symb. phys. Scorp. 
no. 10, 1828. 
= neglectus Purcell, Ann. 8. Af. Mus. vol. i, p. 433, 1899, and u, p, 155, 
1901. 


Distribution: From divisions of Tulbagh and Worcester extending north- 
wards in the western districts of the Cape Province to Great Bushmanland 
and apparently to Great Namaqualand (Purcell). Prof. Kraepelin, hovever, 
has seen no specimens of this species from German 8.W. Africa. It is 
known to me from Victoria West (P. D. Morris), from Cradock (D. White- 
Cooper), from Tafelberg (Miss A. Gadd), and from Rooispruit near Rosmead 
(A. Gibbons). 


6. P. vintosus, Peters (Pl. XIX, fig. 1), Monat. Ak. Berlin, 1862, p. 26. 


Distribution: From Great Bushmanland northwards into German South 
West Africa, Benguela, and the Congo. See Pocock (8), Purcell (17), 
Kraepelin (12), and Hewitt (22). Known to me also from Kakamas 
(Miss H. C. Olivier). 


7. P. TRANSVAALICUS, Purcell (Pl. XXI, fig. 80), Ann. 8S. Af. Mus. i, p. 484, 
1899, and u, p. 162, 1901. 
= P. pachysoba Penther and P. obscurus Penther, Annal K.K. Nat. 
Hofmus. Wien, xv, p. 154-155, 1900. 
Distribution : Low-veld districts of the Transvaal, eastwards to Delagoa 
Bay (Kraepelin 11) and westwards to Bechuanaland, being known to me 
from Francistown and Serowe (8. Blackbeard ). 


_ 8. P. scuHtecutTert, Purcell (Pl. XIX, fig. 2), Ann. S. Af. Mus. i, p. 484, 
1889, and ui, p. 164, 1901. 


Distribution: Little and Great Bushmanland (Purcell); known to me 
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from Carnarvon (C. Hassard), Upington (R. Steyn), from Modder River, 
also from several localities in the western Kalahari, and from the neighbour- 
hood of the Karas Mountains (Hewitt 19 and 22). 


9, P. eRanunatus, Hempr. and Ehrenb. (Pl. XIX, figs. 3 and 4), Symb. 
phys. Scorp. no. 10, 1828. 


Distribution: Namaqualand division of Cape Province and Great Bush- 
manland, extending southwards as far as Robertson division, eastwards to 
Dunbrody, and northwards into Great Namaqualand and the Kalahari. We 
have it from Rooispruit near Rosmead (A. Gibbons), Tafelberg (A. Gadd), 
Hopetown (Miss Stegmann), and Kimberley (J. H. Power). See Purcell 
(17), Kraepelin (11 and 12), Pocock (8), and Hewitt (19). 

P. fulvipes, Simon, and the subspecies fuscus, Pocock, are local races of 
this species. 


10. P. ravpus, Simon, Ann. Soc. Ent. France, 6, p. 377, 1887. 


The type of this species was collected by Schinz, somewhere in the 
Kalahari, but the actual specimen seems to have been subsequently lost, and 
unfortunately the original description does not include the details of specific 
value. Kraepelin has redescribed what he suspects to be the same species at 
some length (11) from material collected in various parts of the Bechuana- 
land Protectorate—Lehututu, Letlake, Kgokong, Mookane, and Severelela ; 
he also records a specimen from Gibeon in Great Namaqualand. 


ll. P. rnavipus, Pocock (Pl. XXVII, fig. 69), Ann. Mag. Nat. Hist. 7, 3, 
p. 419, 1899, also 7, 10, p. 367, 1902, and Proc. Zool. Soc. 1902, p. 22, 
text-fig. 26. 

Distribution: Type from Taungs in Bechuanaland; also known to me 
from Kimberley, Bothaville, Magersfontein, and Waterberg district (Hewitt 
19), from Palapye Road (8. Blackbeard), and from Redbank and Hillside, 
Bulawayo (G. Arnold). 

According to Kraepelin (12) this species is a synonym of P. mosambicensis, 
Peters, the type of which came from Tette, but until more material from 
Tette becomes available I prefer to hold over the question of the identity 
of Peters’s species: Kraepelin had previously (11) referred P. kraepelini, 
Werner, to the synonymy of flavidus, apparently in error. 

The males and females of flavidus agree closely in the character of the 
stridulatory apparatus: they differ in the shape of the hand, that of the 
female being slender and of the male stout. The total length of an adult 
iwnale from Bulawayo is 64mm., of adult female 55mm. The fourth caudal 
segment is broader than the first. 


12. P. kRAEPELINI, Werner, Verh. K.K. Zool.-bot. Ges. Wien, p. 599, 1902. | 


This species was founded on a young example—total length 41 mm,— 
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taken at Windhuk. Subsequently Kraepelin (11) redescribed the species 
under the name of P. flavidus Poc. from larger specimens obtained in the 
same locality; and he recently (12) records it also from Swakopmund, 
Okahandja, Neudamm, and from a locality in South Ovamboland. 

There is a fine specimen in the Durban Museum collected at Heichamchab, 
Swakop River, about 500 ft. above sea level, where it was taken by a soldier 
of the Ist Battalion D.L.I. during the recent campaign. If this specimen 
actually is, as I believe, referable to kraepelini, it would seem advisable to 
draw up a further description of the species, as Werner’s was clearly 
insufficient, whilst Kraepelin’s description and figure do not tally completely 
with the characters of the specimen ; indeed, if Kraepelin’s figure 16 correctly 
represents the details of the granulation of the first and second caudal 


vv 
aay 
ve 
¥ 
” 
we 
rene 
4 
¥ 
w 
* 
& 
ww, 
v 


°e 


Text-Fic. 1.—Parabuthus kraepelini Werner. Upper surface of first two caudal 
seoments of female from Heichamchab. 


seginents of an adult, the Heichamchab example must be referred to some 
other species: it is perhaps permissible, however, to doubt the accuracy of 
that figure, as his accompanying figure la seems to be almost certainly 
incorrect in the number of ridges in the series on the second caudal segment 
of mosanbicensis. 

The Durban Museum specimen has the following characters: 

Carapace coarsely granular throughout; ocular tubercle quite smooth 
above. 

Tergites of abdomen finely granular in their anterior half, more strongly 
vranulated but not very coarsely so in the posterior half. The last tergite 
is fairly closely and coarsely granulated over the mesial area, the granules 
of the posterior median portion, which are largest, being transversely elongated 
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and forming a shagreen. These ridged granules only occur over a distance 
equal to about + of the total length between the posterior margin of the 
segment and the anterior transverse ridge which marks off the articulating 
surface. 

The first four sternites of the abdomen are all quite smooth except near 
the lateral borders, where they are finely granulated. The granulation of 
the fifth sternite is not coarse, and the space between the median keels 1s 
free of granules. The four keels are very weakly developed, the median 
ones being quite smooth and the lateral ones granulated. 

Tail.—The stridulatory area of the first segment is broadly and fairly 
deeply excavated, but there is no narrow median groove. The shagreen is 
coarse and consists of short transversely ridged granules: none of these 
transverse ridges are continuous across the breadth of the area; a transverse 
line across the area in the narrowest part would include at least 5 such 
ridges. Anteriorly, the upper and descending surfaces merge fairly gradually 
into each other, and the angle formed by the stridulatory area with the 
descending portion of the dorsal surface is about 120°. 

The finely granulated area on the upper surface of the third segment 
mesially extends practically the whole length of the segment. In the second 
segment the stridulatory area is similar, the ridges being a little stronger 
and somewhat fewer than in the first segment. None of the ridges are 
continuous across the area, and in the narrowest part there are about 4 or 
5 ridges in a transverse line. As in the first segment, the ridges are stronger 
in the posterior half of the segment than anteriorly. Intercarinal spaces 
of first segment granular at the sides of the segment, but ventrally they are 
almost quite free of granules. Segments I-IV with 10 granular keels each: 
all the median ventral keels are granular throughout, but those of the fourth 
segment are only distinct as keels in the first half or two-thirds of the seg- 
ment. Superior keels of third and fourth segments fairly strong throughout 
their length, of fifth segment quite strong posteriorly as well as anteriorly, 
but interrupted in the middle: accessory crest of fifth segment superiorly 
represented by 3 or 4 coarse granules irregularly disposed. Sides of seg- 
ment V granulated fairly coarsely. Fourth segment a trifle broader than 
first segment. 

Hand not very stout, as wide as the brachium in its widest part: movable 
finger a trifle more than twice the length of the hand-back. 

Pectines.—There is a large rounded basal lobe, and in addition the 
lamella carries 30 teeth. 

Vesicle fairly large, with an excavation at the base superiorly, but this is 
not so deep nor so sharply defined as in stridulus mihi. 

Colour.—Yellow throughout except the vesicle, which is brown, and the 
ocular tubercle, which is also brown: the tergites are pale brownish. 

Measurements.—Total length 97 mm., length of carapace 10°5 mm., breadth 
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of carapace 12 mm., width of hand 3°5 mm., length of hand 14°25 mm., width 
of first caudal segment 7°20 mm., width of fourth caudal segment 7°6 mm. 
This species is a connecting link between P. planicauda Poc. and 
P. flavidus Poc. The granulation on the upper surface of the first two 
caudal segments of planicauda is much finer than in kraepelini, but even in 
the former species, especially towards the posterior ends of those segments, 
the granules are often enlarged into short transverse ridges. In the first 
caudal segment of planicauda the separation of the horizontal and descending 
portions of the upper surface is much more abrupt than in kraepelini: in 
the former case there is practically no excavation of that horizontal surface. 


13. P. stripuxus, Hewitt, Annals Trans. Mus. iv, p. 146, pl. xv, 1914. 


The type and only known specimen, a male, is from Luderitzbucht. The 
female is unknown, but I suspect that it agrees very closely with that of 
laevifrons Sim., to which the species is undoubtedly closely allied. 


14. P. rrirapuLatus, Hewitt (Pl. XXI, fig. 33), Records Albany 
Museum, iti, p. 1, fig. 1, 1914. 

The types are from the Transvaal, north of the Zoutpansbergen. This 
species is closely related to, and possibly even identical with, P. truculentus, 
Hirst (24), based on an adult female from Loangwa, in Portuguese East 
Africa, and I think it is not unlikely that both may have to be included in 
the synonymy of mosambicensis Ptrs. In truculentus, the type of which I 
have examined, the median portion of the last tergite is rather coarsely 
granular, and in the posterior third mesially the granules are all transversely 
elongated into short stout ridges, yet none of these stretch across even half 
the breadth of the area: the four keels of the last sternite are more strongly 
developed than in triradulatus. It is probable, however, that the type of 
triradulatus is not fully grown. 


Key to the South African Species of the Genus Parabuthus, 


A. Sides and under surface of the fourth caudal segment smooth or 
granular, but without distinct granular crests. (a and b.) 

(a) Sides and under surface of fourth caudal segment rather 
densely and finely granular; inferior and inferolateral 
keels of second and third caudal segments composed of 
coarse granules which increase in size posteriorly as the 
keels themselves converge, whilst in the third seement, and 
to a less extent in the second, the inferior lateral keels are 
connected along the posterior margin of the segment by a 
pair of large ridge-like granules, thus forming a ,-shaped 
crest; movable finger only a little longer than the hand- 
back. A small species, the type female reaching a total 
length of 50mm. . ae: : : ; P. brevimanus Thor. 

(b) Lateral and inferior surfaces of the tail smooth between the 
keels, but on the fourth and fifth segments with a few 
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granules below; upper surface of first caudal segment 
flattened, projecting step-like, and then suddenly descending 
perpendicularly at the anterior margin of the very broad 
shagreened area; brachium slender, 23-3 times as long as 
wide; movable finger about 2} times as long as the hand- 
back ; carapace much wider than long; tail of male unusually 
thick : : : ; : ; : : : : . P.calvus Pure. 
B. Fourth caudal segment with 8 or 10 granular crests. (c—p.) 
(1) The granular area on the dorsal surface of the second caudal 
segment not reaching to the hind edge of the segment. (c—g.) 
* The middle lateral crest onthe fourth caudal segment weak 
or rudimentary, except towards the posterior end of the 
segment. (c.) 

(c) Upper surface of first caudal segment not flattened but 
holowed out from side to side, the narrow shagreened area 
not projecting step-like anteriorly, but descending gradually 
in a median groove ; granular area on the dorsal surface of 
second caudal segment three or four times as long as wide ; 
fourth and fifth caudal segments densely granular below ; 
brachium slender, its length 23-8 times its width ; carapace 
much wider than long; vesicle comparatively small. Trunk 
and tail dark reddish brown . : : : : P. granulatus H.& E. 

** The middle lateral crest on the fourth caudal segment 
coarsely granular, fairly strong and well developed. 
(d—g.) 

t Dorsolateral keel of fifth caudal segment practically con- 
tinuous throughout, although more or less irregular wm 
the middle, the accessory dorsal crest composed of 2-4 
sharp pointed teeth, the posterior one of which is higher 
than broad. (d and e.) 

(d) Tail strongly pilose ; fourth caudal segment narrower than 
the first ; granular area on upper surface of second caudal 
segment occupying a deep oval depression in the anterior 
two-thirds of that surface; of first caudal segment very 
large, almost flat or only slightly concave, and at its pro- 
jecting anterior edge suddenly descending perpendicularly 
in the middle . ; : ; ; : : ; P. villosus Ptrs. 

(e) Tail sparsely hairy ; fourth caudal segment wider than the 
first; granular area on upper surface of second caudal 
segment occupying an oval excavation in the anterior half 
of the surface ; of first caudal segment as in villosus, but at 
its anterior edge the surface descends less abruptly and the 
angle is slightly more obtuse than in that species . P. schlechteri Pure. 

ty Dorsal keel of fifth caudal segment broken and indistinct 
in the middle, the accessory dorsal crest composed of 
blunt tubercles or short teeth which are not higher than 
broad. (f and ¢.) 

(f) Last sternite with a pair of median keels; last tergite in 
its mesial area covered with a close shagreen composed 
of granules which are smaller than those found on the 
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sides of the tergite ; PB erlition of first caudal segment 
superiorly as in planicauda (q.v.); of second caudal segment 
occupying a rather deep oval depression extending over 
slightly more than half the length of the dorsal surface. 
Hand as in planicauda » ; : : P. planicauda frenchi Pure. 

(7) Last sternite without trace of median keels; last tergite 
in its: mesial area thickly granular, but not shagreened ; 
viewed from the side, the anterior portion of the granulated 
area on the upper surface of the first caudal segment 
scarcely if at all rises above the superior keel (in plani- 
cauda and frenchi that area rises distinctly above the superior 
keel anteriorly); granular area of the second segment 
occupying about 2 of the ee of the surface, a little - 
longer than Bron : : : ; : . P. raudus Sim. 

(2) The granular or stridulatory area on ae apreh surface of te 
second caudal segment reaches to the hind edge of the segment. 
(h—p.) 

* Posterior upper edge of second caudal segment strongly 
elevated and curved forwards in the middle, and to a 
less extent also in the third caudal segment. (h.) 

(h) Anterior edge of shagreened area projecting convexly 
forwards in the middle in caudal segments I and II; in 
segment II that area is broadly and somewhat deeply 
excavated in its anterior two thirds; accessory crest of fifth 
caudal segment composed of strongly conical or sharply 
pointed tubercles ; brachium and hand comparatively stout 

P. capensis H. & E. 

** Posterior wpper edge of second caudal segment quite 
straight. (i—p.) 

+ Stridulatory area of second caudal segment composed of 
granules, or sometimes including short ridges, im 
which case no single ridge is so broad as to eatend 
even halfway across the area in any part. (i—l.) 

O Superior crest in segment V always distinct through- 
out the whole length and very strong, though 
slightly weaker in the middle of the segment : 
accessory crest composed of very coarse sharply 
pointed or subspiniform tubercles. (1.) 

(7) ‘Caudal segments thickly granular at the sides and below, 
especially in the posterior segments. Fourth caudal seg- 
ment slightly wider than the first. Shagreened area of first 
caudal segment slightly concave throughout its length and 
anteriorly the surface descends less abruptly than in plani- 
cauda, the angle being rather more obtuse ; middle portion 
of last tergite rather coarsely, but not very closely granu- 
lated : : : ; ; P. transvaalicus Pure. 

OO Superior crest in segment Vv more or less obliter- 
ated in the middle of the segment, an indistinct 
row of 4-6 low rounded granules or tubercles 
representing the accessory crests. (j—l.) 
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(j) Mesial portion of last tergite covered with a fine close 
shagreen, and that of caudal segments I and II also very 
dense and moderately fine; upper surface of first caudal 
segment very flat, its anterior edge projecting slightly for- 
wards in the middle, the surface descending very suddenly 
and quite perpendicularly along this edge. Caudal seg- 
ment IV with 10 well developed granular keels. Hand 
slender in both male and female, not exceeding the brachium 
in width. Ocular tubercle granular above except on the 
supercilary ridges; interocular area granular. . P. planicauda Poe. 
(k) Shagreen on last tergite and on caudal segments I and IT 
not so dense as in planicauda, but composed of coarser 
granules and ridges; upper surface of caudal segment I 
excavated, obtusely inclined to the anterior descending 
portion. Middle lateral keel of caudal segment IV weak, 
but granular and distinct throughout. Ocular tubercle 
smooth above; interocular area granular. P. kraepelim Wern. 
(tl) Middle lateral keel of caudal segment IV rudimentary ; 
shagreen on last tergite and on the first caudal segment 
very dense and fine; the shagreened area of I almost flat 
or very slightly concave, the upper surface descending 
suddenly, but not quite so perpendicularly as in planicauda. 
Ocular tubercle smooth above; interocular area smooth in 
the female. Hand and brachium comparatively stout. Tail 
comparatively long and slender; caudal segment IV 
slightly narrower than I : : ; . P.laevifrons Sim. 
| Both sexes of P. 1. var. australis, pus female only of P. U. 
var. militum. | 
tt Stridulatory area of second caudal segment confined to a 
rather narrow channel, and composed largely of trans- 
verse ridges, some of which, posteriorly at least, eatend 
across the area. (m—p.) 
(m) Caudal segment I moderately excavated above, the stridu- 
latory area composed largely of ridges which are not quite 
as strong as those of II, in the broad region anteriorly 
being limited to the mesial portion and reduced in size to 
broadened granules. Shagreen on last tergite compara- 
tively coarse. Inferomedian keels of caudal segment I 
crenulated ; superior keel of V strong in its anterior half, 
where it includes about 8 coarse granules. Ocular tubercle 
eranular except on the superciliary ridges. : P. flavidus Poe. 
(n) Caudal segment I with a long rather narrow groove supe- : 
riorly, the ridges well developed even anteriorly, though 
not quite so strong as in II. In the posterior half of the 
last tergite mesially there is also a ridged stridulatory area, 
some of the ridges being almost continuous across the width 
of the area. Ocular tubercle granular above, except on the 
superciliary ridges . ‘ A . P. triradulatus Hewitt. 
(o) Caudal segment I with the cena cietaey area occupying a 
shallow concavity, the transverse ridges being very fine, 
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interrupted or more or less continuous, but very much 
weaker though more numerous than those on the second 
segment. The last tergite is very finely and closely granu- 
lated over the whole length of the median area. Middle 
lateral keel of segment IV very weak, but distinct. Ocular 
tubercle quite smooth. Vesicle very deeply excavated at 
the base superiorly : : : . Male of P. stridulus Hewitt. 
(p) Caudal segment I only shallowly excavated superiorly, the 
stridulatory area entirely composed of very fine granules, 
as is also the case on the last tergite. Ocular tubercle 
smooth above. Middle lateral keel of segment IV weak, 
obsolete in the anterior fourth of the segment. 
Male of P. laevifrons militum var. nov. 


Gen. PSEUDOLYCHAS Kraepelin. 


Pee eee yERt Purcell, Ann. S$, Af. Mus. vol. u, p. 173, 1901. 
= Lychas peglert, loc. cit. 


This species was recorded from Umtata, but Miss Pegler, who collected 
the types, informs me that the actual locality is Mqanduh. The species 
is known to me from Hast Zululand (Natal Museum). The Transvaal Museum 
has a very young specimen, apparently referable to this species, from 
Arnhemburg, Carolina District, and an adult from Clearwaters, near 
Haenertsburg. Prof. Kraepelin has described a small specimen, only 
23 mm. long, from Umfuli River, Mashonaland, under the name of P. pegleri 
var. nigrimanus Kraep. (13). The specimen has 18 pectinal teeth, movable 
finger with 6 flanking granules anterior to the main rows, and the middle 
lateral keel of caudal segment IV is distinguishable. 

According to Kraepelin, this genus is intermediate between Lychas 
C. L. Koch, and Odonturus Karsch. It differs from Lychas in the greatly 
enlarged basal pectinal tooth of the female, and in the presence of two 
external flanking teeth instead of only one, alongside the enlarged basal 
tooth of each main row on the movable finger: it differs from Odonturus 
in the presence of only one tooth, instead of two, on the immovable finger 
of the chelicera. I am inclined to think it will eventually rank as a sub- 
genus Lychas. It is held to be the same as Lychas by Mr. Hirst. 


2. P. ocuraceus Hirst (Pl. XXI, fig. 23), Ann. Mag. Nat. Hist. 8, 8, 
p-. 466, 1911. 


= Lychas ochraceus, loc. cit. 


Distribution: The type was recorded from Bethulie, Orange Free State. 
We have what seems to be this form from Redhouse (Mrs. T. V. Paterson). 
In the Redhouse specimen the tubercle beneath the aculeus is low and very 
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small; it is fairly long and pointed in the Zululand and Clearwaters examples 
of pegleri. 


Key to species of PSEUDOLYCHAS. 


1. Sternites I-III smooth and polished; III in male weakly 

granular at anterior corners; IV smooth in middle, weakly 

granular laterally in female, more extensively granular laterally 
inmale . : : ; ; : : : P. pegleri Pure. 
Sternites III-V finely granular throughout in female . . BP. ochraceus Hirst. 


Gen. UROPLECTES Peters. 


1. U. varirecatus Koch, Die Arachniden, xi, p. 9, fig. 855, 1845. Redescribed 
by Pocock in Ann. Mag. Nat. Hist. 6, 17, p. 380. 


Distribution: Only recorded from Cape Town and its immediate neigh- 
bourhood. 


2. U. pruosus Thorell, Actes Soc. Ital. xix, p. 118, 1876. 


This species was taken in “ Caffraria” by Wahlberg and has not been 
recorded by more recent workers. It would seem to be a very distinct 
species, though related to carinatus. 


3. U. puanimanus Karsch (Pl. XX, fig. 17), Mitth. Minch. Ent. Ver. 
1879, p. 125. 


Distribution: Great Namaland and Damaraland (Kraepelin, 12), Umful 
River, Mashonaland (Pocock, 7), Tette (British Museum), Angola (Dr. 
Ansorge), Victoria Falls (Rhodesian Museum), North-East Rhodesia (Hirst, 
24); we have it from Serowe, Bechuanaland Protectorate (S. Blackbeard) and 
Tsessebe Siding, Tati (E. C. Wilmot). Mr. Pocock (7) records it from Durban, 
but I suspect some error in this record* ; at any rate the species is not known 
from that neighbourhood to Mr. E. C. Chubb, of the Durban Museum ; 
the British Museum has a specimen labelled Estcourt (G. A. K. Marshall). 
The Transvaal Museum has this species from Vygeboompoort, Waterberg 
District (G. van Dam). The pectinal teeth, according to Kraepelin, vary 
from 22-29 in the male and from 20-27 in the female; our malé from 
Angola has 31-32. In his key to the species of this genus, Pocock (7) dis- 
tinguished between planimanus and carinatus in the character of the median 
lateral keel of the fourth caudal segment, which he described as absent in 
planimanus but distinct in carinatus; this character, as Kraepelin has 
noticed, can no longer be utilised, for some forms of carinatus are quite 


* Mr. Guy Marshall, who collected the specimens of this species and of marshall, 
writes that he does not doubt the accuracy of the locality record. 
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without the keel. The only satisfactory characters available for distin- 
euishing the two species are the shape of the hands and the character of 
the basal pectinal tooth in the female. 

The inferior median keels of the second caudal segment are often weakly 
crenulated throughout in the females, but those of the first caudal segment 
are only very weakly so or quite smooth. The following measurements are 
based on adult specimens from Serowe: Length of carapace, M. 4°75, F. 6 ; 
of tail, M. 31, F. 32°75; of first caudal segment, M. 3:7, F. 4; of second 
caudal segment, M. 4:7, F. 4°8; of third caudal segment M. 5, F. 5-1; of 
fourth caudal segment, M. 5°75, F. 5:8; of fifth caudal segment, M. 6:5, F. 7 ; 
breadth of fourth caudal segment, M. 2°25, F. 2:5. 


‘4. U. carinatus Pocock, Proc. Zool. Soc. 1890, p. 129, pl. xiv, fig. 3-3a 
(male only). 


This species is widely distributed in South Africa and is very variable. 
A number of local races can he recognised, based on differences in the 
following characters: Elongation of the tail, especially in the adult male ; 
degree of enlargement of the basal pectinal tooth in the female; width of 
hand compared with that of the brachium in the female. 

Dr. Purcell (17) has carefully redescribed both sexes of what he helieved 
to be the typical form, and at the same time described several other forms 
as distinct species (alstont, karrooicus, and schlechteri). It is, however, 
impossible to say with certainty which should be designated the typical 
form, as the locality of the type, an adult male, is indefinitely located 
“South Africa, near the tropic of Capricorn,” and its female characters are 
unknown. Dr. Purcell records carinatus from the following area: The 
western half of Cape Colony, with the exception of the strip along the south 
coast, extending from the Divisions of Malmesbury, Tulbagh, Worcester, and 
Prince Albert in the south to Bushmanland in the north. This form I now 
refer to as var. australis. Its characters are: Basal pectinal tooth of the 
female quite like the other teeth ; fourth caudal segment 12-2 times as long 
as wide in the male, 13-1? times as lone as wide in the female ; hand dis- 
tinctly wider than the brachium in the female. We have specimens which 
seem to be referable to this form from Steytlerville neighbourhood (Miss 
A. Geard). 

U. carinatus var. alstoni Purcell (17) is characterised as follows: Basal 
pectinal tooth of female quite like the other teeth; fourth caudal segment 
18-2 times as long as wide in the female, and 24 times as long as wide in 
the male ; hand of female distinctly wider than the brachium. Dr. Purcell 
records alstoni from Worcester, Barkly and Kenhart divisions, stating that 
at Touw’s River Station this form and the one here ealled australis occur 
together. 

U. carinatus var. karrooicus Purcell (17) has the following characters : 
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Basal pectinal tooth of female either normal or slightly wider and longer 
than the rest, falciform; fourth caudal segment 2% to nearly 22 times as 
long as wide in the male, slightly more than twice to 22 times as long as 
wide in the female; hand of female slightly narrower than the brachium. 
This form was recorded from the divisions of Beaufort West and Prince 
Albert ; in both localities Dr. Purcell also found examples of australis. 

U. carinatus var. schlechteri Purcell (17) has the basal pectinal tooth of 
the female broad, but very short; the fourth caudal seement of the female is 
22 times as long as wide, and the hand of the female is as wide as or very 
slightly wider than the brachium. This form is recorded from several 


. 4 
3 Pe 
Text-FIG. 2.—Outline in dorsal view of posterior portion of tail in—1l. Uro- 


plectes carinatus mediostriatus, male from Kimberley. 2. Female of same. 
3. Uroplectes carinatus gracilior, male from the Karas Mts. 4. Female of same. 


a 


localities in Great Bushmanland, in the divisions of Namaqualand and 
Kenhart. . 

U. carinatus var. mediostriatus Kraepelin (11) (Pl. XXI, fig. 20, and 
text-figs. 1 and 2), has the basal pectinal tooth of the female broadened, 
shorter than the other teeth, but not very short ; the fourth caudal segment 
of the male is more than twice as long as broad, of the female 1,7, times as 
long as broad; a more or less distinct unbroken blackish median stripe 
along the carapace and trunk. 

The form is recorded from various localities in the Kalahari, viz., 
Severelela, Sekgoma, Khakhea, and Lehututu. We have a series of speci- 
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mens from Kakamas (Miss Olivier), which are referable thereto; the dark 
median stripe is not found in all specimens, however. Also known to me 
from North-West Gordonia (C. Anderson), Kimberley (Bro. J. H. Power) ; 
in some adult female examples from the latter locality the basal pectinal 
tooth is not enlarged. Some specimens from Pretoria (G. van Dam), from 
Pienaars River (Kimberley Museum), and a single male from Hopetown 
(Miss H. Stegmann), I also refer to this form. The Transvaal Museum has 
examples from the Pretoria neighbourhood, from Sterkstroom, and from 
Groenkloof in the Rustenburg district. 

U. carinatus var. gracilior Hewitt (22) (Text-figs. 3 and 4), has the 
basal pectinal tooth of the female very broad; the fourth caudal segment 
of the male is slightly more than three times as long as broad, in the female 
about twice as long as broad. The types are from the neighbourhood of 
the Karashergen in South-West Africa. 

This species is probably composed of a great number of local races ; the 
above-mentioned forms cannot be regarded as very rigidly separated from 
each other. 


5. U. uingatus Koch (Pl. XXI, fig. 18 and Pl. XX, fig. 12), Die Arach- 
niden, xi, p. 7, fig. 854, 1845. 


Distribution: According to Dr. Purcell this species extends from Cape 
Town to Mossel Bay and northwards into the divisions of Tulbagh and 
Worcester. Dr. Penther has recorded it also from Grahamstown, but this 
is an error, I believe ; he may have confused the species with U. formosus, 
which does occur near Grahamstown. 


6. U. rormosus Pocock, Proc. Zool. Soc. 1890, p. 134, pl. xiii, fig. 3. 


Distribution : The type is from Port Natal, and the species ranges along 
the coastal districts from the neighbourhood of Port Elizabeth to Zululand 
and Eastern Transvaal, being known to me from Redhouse, Theescomh, and 
Walmer (Mrs. T. V. Paterson), Fernkloof, Grahamstown (8. Juby), Pirie 
(R. Godfrey), Mqanduli, Transkei (Miss A. Pegler), Kei Bridge (H. Kumm), 
Forbes Reef, Swaziland (Transvaal Museum), Mariannhill (Trappist Bros.), 
Port Alfred (J. Hewitt), Newington, East Transvaal (Dr. J. P. Fenoulhet). 
Kraepelin records it from Delagoa Bay. 

The number of pectinal teeth in both sexes varies from 17-20, the basal 
tooth in the female being broader than and somewhat shorter than the rest. 
The secondary sexual differences are more pronounced than in U. lineatus. 
As in that species, the hand of the adult male is much stouter than that 
of the female; but further, the sides of the fifth caudal segment of the 
male are much more strongly elevated than in the female. 

The characters of the fifth caudal segment seem to offer a certain means 
of distinguishing this species from U. lineatus. We have a single adult 
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female from Schoenmaker’s Kop, Port Elizabeth (Mrs. T. V. Paterson), 
in which that segment presents a somewhat swollen appearance and supe- 
riorly is scarcely excavated; in the same specimen the penultimate tergite 


he 


Trxt-FIc. 3.— Outline of caudal segments and vesicle in side view of— 
1. Uroplectes lineatus, male from Cape Town. 2. Uroplectes formosus spen- 
ceri, male from Redhouse. 38. Uroplectes formosus maculipes, male from 
Invermanzi River. The dentition of the movable finger of Uroplectes 
formosus maculipes is represented in Fig. 4. 


is without a median keel, which, however, is present in all other specimens 
of our series. -A male from the same locality is typical, however. 


The two varieties typicus (Pl. XXI, fig. 19) and spenceri (Pl. XXI, fig, 26, 
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Pl. XX, flys. 7 and 10, and Text-fig. 2) seem to be fairly distinct. All our 
specimens from the Cape Province are referable to spencert. 

It seems very probable that U. spinicaudus Gervais (Arch. Mus. Paris, 
V, iv, p. 222, 1844) from Caffraria is the same as formosus, but as I have not 
yet seen specimens with precisely the same characters as depicted in Gervais’ ° 
figures of the vesicle it seems permissible to ignore that species for the present ; 
Gervais’ type was perhaps juvenile. 

U. rormosus var. nov. MacuLipges. (Text-figs. 3 and 4). The type of 
this form is a single adult male from Invermanzi River, Zululand, now in 
the collection of the Durban Museum. It is a well marked form, perhaps 
worthy of specific rank. The tail is decidedly longer and more slender than 
that of formosus typicus ; only in the third segment is the end tooth enlarged 
and spiniform, being directed upwards and slightly curved forwards, that of 
the second segment being a very low tubercle, not better developed than the 
end tooth of the fourth segment ; the superior crests are not so sharply defined 
as in typicus, and the superior lateral crest of segment I, which is well 
developed in typicus, is feeble in maculipes; the fifth caudal segment has 
the superior margin rather lightly curved and the upper surface is mesially 
channelled, but not so deeply nor so broadly so as in typicus; the vesicle 
also is more elongated than in the male of typicus, the tubercle below the 
aculeus large and pointed; granulation on the fifth caudal segment and 
vesicle almost obsolete. Tergites finely granulated throughout. On the 
movable finger the median series of granules includes 16 rows, the short 
apical row being counted in; thé 3 basal rows are concentrated on the basal 
lobe ; the trio of granules is not well marked, as the penultimate granule of 
most of the median rows is not enlarged. The pigmentation is distinctive ; 
a thin median dark stripe along the first 6 tergites thus dividing the median 
flavous band; on either side of the flavous band is a dark not very broad 
band with flavous markings, which are not distinctly >-shaped in each 
seoment ; a fairly broad flavous marginal band; last sternite quite pale and 
last tergite almost without infuscation ; fifth caudal segment and vesicle 
dark, the first four caudal segments pale, though some slight infuscation 
occurs on the fourth segment; legs yellow with dark bands, humerus and 
brachium also banded, hand dark, fingers pale. 

Total length 35, length of tail 20-5, of first caudal seoment 2°5, of second 
caudal segment 2°8, of third caudal segment 2°9, of fourth caudal segment 
3°6, of fifth caudal segment 4:1, of vesicle 4°2, height of fifth caudal segment 
2:2, length of hand 6°75, of movable finger 4°1, of brachium 3:7. 


7. U. rnstenis, Pocock, Proc. Zool. Soc., 1890, p. 181, Pl. XIII, fig. 4. 


Distribution: Only known from the immediate neighbourhood ‘of. Cape 
Town, being recorded by Dr. Purcell (17) from the Newlands and Constantia 
slopes of Table Mountain and from Kalk Bay Mountain. 

S 
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Originally described as a distinct species, it was afterwards regarded by 
Pocock only as a variety of lineatus (7), but is held to be a good species by 
Purcell (17). 


8. U. martorui, Purcell, Annals 8. Af. Mus., ii, p. 192, 1901. | 


Distribution: The types came from the summit of the Great Winterhoek, 
Tulbagh Division. 

The British Museum has a specimen (Pl. XXF fig. 21) without locality 
data, which seems referable to this species, under the manuscript name of 
U. kraepelim, Pocock ; in that specimen, the upper surface of caudal seg- 
ment I is only very faintly granular; the superior keels of caudal segment I, 
as well as IT and ITI, terminate in low stout blunt tubercles; total length 
45°5 mm. 


9. U. virratus, Thorell (Pl. XXI, fig. 27, Pl. XX, figs. 15, 16 and 6), Actes 
Soc. Ital. Nat.-Sci,, xix, p. L2105s77- 


Distribution: According to Kraepelin, this species extends from Delagoa 
Bay into the Transvaal, Bechuanaland Protectorate, western Kalahari, 
Damaraland and Ovamboland. We have a series of specimens from Serowe 
(S. Blackbeard), from M’moove, 42 miles north of Serowe (S. Schénland) 
and from Newington (J. P. Fenoulhet). The Transvaal Museum has it 
from Pretoria, Hectorspruit and from Vygeboompoort (Waterberg District.) 

Kraepelin (10) has recorded the related species occidentalis EK. Sim., from 
Natal, but that species is not otherwise knewn from 8. Africa, and I think 
the record is probably incorrect; in a more recent paper (Mit. a. d. Nat. 
Mus. Hamburg, xxx, p. 177, 1915) he only cites ‘Kamerun to the Congo’ 
for the African records. According to the same authority, the East 
Transvaal species, U. jutrzenkai Penther (26), is a synonym of vittatus; but 
for Kraepelin’s statement, I should have suspected that jutrzenkai and chubbi 
are synonymous. 


10. U. orsimpineuensis, Karsch, Mittl. Munch. Ent. Ver., 1879, p. 125. 


Distribution: The type came from Otjimbingue, and the species is known 
to Kraepelin from Damaraland and Hereroland. 

The species is unknown to me, but judging from the description it would 
seem to be scarcely more than a colour-variety of vittatus. 


11. U. cnvusst, Hirst (Pl. XX, figs. 11 and 9), Manchester Memoirs, vol. 56, 
INO: 2, ps 0,7 Loe 7 


Distribution: The precise locality of the type is unknown, but was 
labelled Rhodesia ; we have it from Tsessebe Siding, Tati (H. C. Wilmot). 
This species, as stated by Mr. Hirst, is evidently closely related to JU, 
zanthogrammus Poc ; according to Kraepelin (Mit.a. d. Nat. Mus. Hamburg, 
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xxx, p. 177, 1913), that species should only rank as a variety of fischeri 
Karsch, in which case chubbi also should be assigned varietal importance. 

In our specimen, a female, all the caudal segments, except the first, have 
the position of the superior keels marked by very coarse puncturations ; in 
the first caudal segment the position of the superior keels is marked by 
granules, but they do not form a very distinct keel; the vesicle inferiorly 
and laterally is coarsely and closely punctate, but not so coarsely as on the 
caudal segments. 


12. U. rrianeutireR, Thorell (Pl. XX, figs. 8,13 and 14), Actes Soc. Ital. 
Sci. Nat., xix, p. 123, 1877. 


Distribution: A very common species in the Cape Province, Transvaal, 
Free State, and Basutoland (see Purcell 17, Pocock 7). Apparently, it is 
absent from German South-West Africa, from the greater portion of Natal, 
and from the south-west portion of Cape Province. The form described by 
Pocock under the name of U. marshalli was recorded from Durban, but 
perhaps erroneously so. 

We have this species from Grahamstown, Alicedale (F. Cruden), Dun- 
brody (Fr. Vogt), Keilands (‘Trappist Bros.), Steytlerville (Miss A. Geard), 
Mimosa (Prof. Schwarz), Redhouse (Mrs. T. V. Paterson), Ann Shaw (F.S. 
Salisbury), Klerksdale near Middelburg (B. Marais), Conway (J. Hewitt), 
Fish River Randt (Mrs. G. White), Burghersdorp (Dr. Broom), Bloemfontein 
(Dr. T. F. Dreyer), Doornkop near Belfast (R. Gerhardt), Kroonstad (Miss 
D. Chennells), Pienaars River, Pretoria (G. van Dam), Zandfontein, Rusten- 
burg district (G. van Dam), and Hornsnek (G. van Dam), Kimberley (Bro. 
J. H. Power), Standerton (Durban Museum), Weenen (H. L. Bulcock). 
The Transvaal Museum has it from Carolina, Woodbush, Munick’s Farm 
near Pietersburg, Lochiel (Ermelo district), Clearwaters near Haenertsbure, 
and Vygeboompoort (Waterberg District). 

This species is somewhat variable, and eventually it may even seem 
desirable to include U. olivaceus Pocock as one of its varieties ; at any rate 
the only satisfactory point of difference between the two species is found in 
the shape of the vesicle of the adult male. 

Two chief colour-varieties are recognised by Dr. Purcell (17). JU. 
triangulifer var. typicus has each of the tergites fuscous, with three rather wide 
longitudinal yellow stripes, one median and two lateral, and a large >- 
shaped yellow mark on each side of the median stripe. In this form the 
basal pectinal tooth of the female may or may not be somewhat enlarged. 
It is slightly broadened and obtusely rounded at the apex in all our Trans- 
vaal examples, but is unmodified in specimens from the Cape and Free State. 
The tergites are granulated throughout. JU. triangulifer var. tristis Thorell, 
recorded by Purcell from the Eastern Transvaal, is characterised by the 
blackish colouration of the trunk, the yellow markings being absent except 
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for a median stripe. The basal pectinal tooth of the femaleis enlarged. In 
female specimens belonging to the Transvaal Museum each tergite has a 
smooth and polished area in its anterior half, and sometimes a smooth area 
occurs immediately in front of and at either side of the ocular tubercle. 
However, Thorell says of his specimens, ‘‘ Haec forma a forma principali vix 
differt nisi trunco et cauda paullo crassius granulosis et carinis lateralibus 
et inferioribus segmenti V etiam magis obsoletis, vix nisi versus apicem 
segmenti serie granulorum indicatis, et tuberculo vesicae sub aculeo in mare 
vix conspicuo.”’ 

I am inclined to think that U. marshalli Pocock (7) is identical with 
this form. In the type male of marshalli the tail is not quite so much 
elongated as in typical triangulifer; the tergites are granular throughout 
and the carapace has no smooth areas. 

The Natal Museum has a black variety from East Zululand, and there is 
a very dark specimen from Paulpietersburg in the Durban Museum in 
which the tergites are more strongly granulated than in Transvaal examples 
and the basal pectinal tooth of the female is scarcely enlarged. 

A third variety has been described by me (20) under the name of U. 
triangulifer var. flavidus (Pl. XXI, fig. 25). In this form, the female is 
almost uniformly yellow throughout, the tergites being only slightly infus- 
cated; the male however is somewhat infuscated. Each tergite of the 
female, except the last, has an extensive smooth and polished area in its 
anterior half ; the sides of the fifth caudal segment are quite smooth above. 
becoming granular below. Basal pectinal tooth of the female not enlarged. 
This form is only known from Kimberley. 


13. U. oxrvaceus Pocock (Pl. XXI, fig. 24), Ann. Mag. Nat. Hist., 6, 17, 
p. 385, 1896. 


Distribution: The type was from the Murchison Range, Transvaal. We 
have it from Newington, and the Transvaal Museum has specimens from 
Hectorspruit, Griffin Mine, Leydsdorp, and Clearwaters near Haenertsburg. 

In Pocock’s key this species is said to be distinct from triangulifer in that 
“the inferior caudal crests are weak, nearly obsolete, and lost amongst the 
eranules of the lower surface, those on the first segment smooth ” whereas 
triangulifer has ‘all the crests of the tail strong and well defined, those on 
the lower surface of the first segment granular.” In these characters the 
two species seem to me practically identical; the inferior keels of the first 
caudal segment are not smooth in the females of olivaceus. 


14. U. ruavovirivis Peters, Mon. Ak. Wiss. Berlin, 1862, p. 516. 


This species was fully redescribed by Pocock (3) and afterwards (7) 
renamed by him as chlorodermus. FPeter’s type came from Tette, and after 
comparing male and female specimens from that locality in the British 
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Museum collection with the types of chlorodermus, Mr. S. Hirst informs me 
that the two species are without doubt identical; Prof. Kraepelin holds the 
same view (10). 

Distribution: An East African species recorded from Tette and Lake 
Nyassa. Kraepelin has no records of this species from German East Africa. 
We have it from Salisbury (R. Graham and C. von Hirschberg); the 
Rhodesian Museum has it from Hillside Bulawayo, from the Matoppos and 
from Redbank. 


Key to the South African Species of the Genus Uroplectes. 


A. Abdominal tergites with a short or very short lateral keel on each side 
posteriorly, in addition to the median keel; the granular rows on the 
movable finger of the pedipalp are flanked internally by isolated 
granules which are opposite to the apices of therows ; each row basally 
on its outer side has two strong granules. (1—4.) 
(a) Vesicle of tail without a distinct tooth beneath the aculeus : pectinal 
teeth 19-31. (1—3.) 
(1) Inferior median keels of first four caudal segments in the 
male quite absent; last sternite not keeled; hand about as 
wide as the brachium ; fourth caudal segment very slightly 
more than 23 times as long as broad; pectinal teeth 29-30 ; 
tail and palp strongly pilose. (A specimen believed to be 
the female is described as having 31 pectinal teeth, the basal 
one shorter than the rest; the tail shorter than that of the 
male) é : : ; ; : U. pilosus, Thor. 
2. Inferior median caudal keels distinct, those of segments I and 
II sometimes smooth ; last sternite with 2 or 4 keels; pec- 
tinal teeth 21-27, the basal tooth in the female either un- 
modified or much broader than the other teeth; hand with 
rounded upper surface, only a little wider than the brachium. 
U. carinatus, Poe. 
3. Resembling carinatus, but the hand much broader and flatter, 
the inner edge being rather sharp; basal pectinal tooth of 
adult female considerably elongated and sickle-shaped. 
U. planimanus, Karsch. 
(b) Vesicle granular with a distinct triangular tooth beneath the 
aculeus, pectines of female with 15 teeth, the basal one greatly ex- 
panded, but not elongate. (A4.) 


4, First three caudal segments with 10 keels each; hand about “ 
as wide as the brachium ; tergites adorned with 7 longi- 
tudinal black lines s ; : i : : U. variegatus, Koch. 


B. Abdominul tergites without lateral crests; tail almost without crests, 
the superior keels being represented by a terminal granule and some- 
times also in segments I, II, and III by a row of smaller granules ; 
inner set of granul-s on the movable finger isolated, but these granules 
lie far from the apices of the adjacent median rows, except near the 
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C. 


distal end of the finger where the apical granules of the median rows 
are not appreciably enlarged nor separated from the rest so as to pair 
with those of the inner series. (5—7). 
5. Tail more or less granular below, but only sparingly so in adult 
males, not deeply punctured ; segments I and IT with weak 
granular dorsal keels: vesicle with a small tuberculiform 
tooth beneath the aculeus and somewhat rugose below, but 
only feebly soinadult males. Upper edge of caudal segment 
V evenly convex from end to end. The ninth or eighth 
granule from the base of the inner series on the movable 
finger is opposite to the apex of the adjacent median row. 
Pectinal teeth 16-23. Trunk with pale median band bor- 
dered on each side by a broad dark band with >-shaped pale 
markings. : : : : : : ‘ .  U. vittatus, Thor. 
6. Like vittatus, but no spine at the base of the aculeus, and 
trunk with a dark median band. Pectinal teeth 15 or 16. 
U. otjimbinguensis, Karsch. 
7. Tail smooth and polished, all the segments very coarsely 
and deeply punctured inferiorly ; the median groove on the 
caudal segments superiorly has rather coarse granules 
throughout except on segment V ; tergites rather strongly 
granulated. Trunk with dark broad median band and 
caudal segments IV and V and the vesicle dark brown U. chubbi, Hirst. 


Tergites with one crest as in B, the lateral crests being absent or only 
Saintly represented ; at least the superior and superior-lateral crests of 
the tail are well developed and granular ; lower surface of vesicle and 
usually of fifth caudal segment granular ; hand in the male slender 
and armed near the base of the immovable finger with a denticle which 
is usually visible as a tubercle in the female ; basal granules of the 
inner series on the movable finger a little isulated, but at least in the 
distal half they are paired with the enlarged and separated apical 
granules of the adjacent median rows. (8—10.) 

8. Caudal segments I-III, or even IV and V also in the male, 
smooth inferiorly, not keeled, but rather coarsely punctured. 
Basal pectinal tooth in female broadened. Superior edges 
of fifth caudal segment suddenly descending obliquely near 
the posterior end of the segment. Colour greenish through- 

out with some yellow markings on the appendages U. flavoviridis Ptrs. 
9. Caudal segments I-III granular below, with more or less dis- 
tinct granular keels. Crests of the tail for the most part 
well defined and strong. Superior edges of caudal segment 
V convex from end to end; in neither sex does this form a 
distinct granular crest except at the anterior end and some- 
times to a slight extent posteriorly. Vesicle of adult male 
with an angular prominence beneath the aculeus, the lower 
surface strongly flattened from the neighbourhood of that 
prominence to the base of the vesicle. Female usually with 

a tubercle at the base of the immovable finger. U. triangulifer, Thor. 
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10. Similar to friangulifer, but vesicle of male not very 
different from that of the female, without a distinct flat- 
tened sole or strongly projecting anterior prominence, 
although a well developed tubercle is present. Caudal seg- 
ment V in the male with a distinct granular superior crest, 
though somewhat interrupted in the middle. Female 
without a distinct tubercle at the base of the immovable 
finger. General colouration more or less olive-green . UU. olivaceus, Poc. 


D. Tergites as in B and O, the lateral crests being occasionally repre- 
sented oy a single enlarged granule on euch side; tail quite without 
keels on its lower surfaces, the first three segments being smooth in- 
feriorly and the fourth and fifth and vesicle more or lexs granular ; 
superior keels distinct with an enlarged terminal tooth ; hand enlarged 
an the male and with a more or less distinct lube at the base of the 
movable finger, but without a tubercle at the hase of the immovable 
Jinger in either sex ; on the movable finger the 2 distal te-th of each 
median row are enlarced and form a trio with the adjacent tooth of the 
enner series in the distal half of the series. (11—14.) 
11. Lower surface of vesicle and of caudal segment V finely 
granular ; no inferolateral crest or edge on caudal segment 
V; lateral crests of tail very weak, only the superior lateral 
being represented on segments II-IV. A continuous median 
flavous band on the tergites . ? : : U. formosus Poc. 
(a) A more deeply pigmented form, with formitee ninieet entirely 
smooth and polished ; superior crest of caudal segment V forming 
a comparatively high curve and the upper surface of the segment 
deeply excavated ; terminal tooth of superior crests of II and III 
greatly enlarged in the male: caudal segments relatively short 
and deep. Last sternite almost wholly black, a yellowish spot in 
the middle ; . U. formosus typicus. 
(B) Very like typicus, but aot so deeply pipiionted! aie est sternite 
yellowish with a black spot on each side; tergites rather more 
granular. : : . : : : 5 U. formosus spenceri, Poe. 
(vy) Tail segments longer, superior margin of V not so strongly 
curved and the upper surface not so deeply excavated ; terminal 
tooth of superior crest of III, but not of II, greatly enlarged in 
the male. Tergites very finely granulated. Legs with dark bands, 
last sternite quite pale. : : ; ‘ : : : U. formosus, var. 
nov. maculipes. 
12. The lower surface of the vesicle and of caudal segment V 
more coarsely and sparsely granular; superior keels 
stronger; lateral crests of tail fairly well developed, inferior 
lateral as well as superior lateral keels being represented 
on segments II-IV; superior crest of V forming a low curve; 
inferior lateral crest of V generally marked by a more or less 
distinct edge or by a row of granules at any rate posteriorly, 
but sometimes almost obliterated ; terminal superior tooth 
on caudal segments II and ITI slender and curved forwards 
at the apex in the male. Tubercle below aculeus sharply 
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toothlike or distinctly laterally compressed. Tergites more 
or less longitudinally striped, the middle keel partly 
blackened ; vesicle ochraceous : ; : U. lineatus, Koch. 
13. Very like Jlineatus, but vesicle deeply blackened on the 
sides and below; tergites with well defined yellow ><-shaped 
marks ; tubercle below aculeus conical and_ blunted: 
enlarged terminal tooth of superior crest on caudal segments 
II and III thick and blunt at the apexin the male. U. insignis, Poe. 
14. Close to insignis, but distinguished by the total absence of 
the inferior lateral crest or edge in the fifth caudal segment ; 
no well developed granular crests on tail; caudal segment 
V coarsely and thickly granular, especially below; vesicle 
thickly granular, the tubercle below the aculeus very low, 
convex or almost quite obsolete, never pointed or toothlike. 
Tail relatively longer than in //neatus and insignis. 
Female of U. marlothi, Pure. 


Gen. KARASBERGIA Hewitt. 


K. meruveni Hewitt (Pl. XX[ fig. 22), Ann. Transvaal Mus. w, p. 148, 
pl. xv, fig. 2, 1914. 


Distribution: The types came from Narudas Siid and Quibis in Great 
Namaland. The species is also known to me from Kakamas (Miss H. C. 
Olivier) and from Upington (R. G. D. Steyn). 

The more important characters of the species are: The whole inferior 
surface of the first, second, and third caudal segments has numerous coarse, 
irregularly arranged granules, the granular area being bounded laterally 
by a well-defined row of enlarged granules, which along the posterior edge 
of the segment merge into a more or less continuous granular ridge. 
Pectinal teeth 11-18. Vesicle and tail coarsely punctate at the sides. In 
this species the relative breadth of the sternum is greater than in the genus 
Uroplectes. The lateral eyes are ill-developed. 

I regard Karasbergia methueni as the most primitive member of the 
South African Buthidae, a conclusion drawn from the nature of the digital 
dentition, the dentition of the chelicerae, the absence of keels on the carapace 
and of lateral keels on the tergites, and, lastly, the simplicity of the basal 
pectinal tooth in the female. At the same time, the characters of the first 
three caudal segments are greatly specialised, perhaps in adaptation to a 
sandy habitat ; the modifications of those segments are very hke what occurs 
in Parabuthus brevimanus Thor., and it 1s of interest to note that both 
species were collected by Miss H. C. Olivier at Kakamas. 


eo) 
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Faminy SCORPIONIDAE. 
Sus-FAMILY SCORPIONINAE. 


Gen. OPISTHOPHTHALMUS C. IL. Koch. 


1. O. opinatus Simon, Ann. Soc. Ent. France, 6, v, 7, p. 882, 1887. 
Distribution: Kraepelin records it from Windhuk and Rehoboth and 
from Gibeon in Great Namaland (12); he suggests that the type came from 
Mossamedes, but no definite locality is given in the original description. 
The specimens from Narudas Siid and from Quibis, referred to by me (22 
under this name, are now the types of the following new species. 


2. O. SCABRIFRONS Sp. nov. | 

This species agrees closely with opinatus Sim. in the following characters : 
Position of median eyes, armature of tarsi and protarsi, carapace groove not 
distinctly forked, fourth caudal segment with weakly developed inferomedian 
keels, vesicle with 3 granular tracts inferiorly, which, however, do not reach 
so far as the base of the aculeus in the larger specimen from Narudas Siid. 

It differs from opinatus Sim. in the following characters: Scape of 
pectines toothed throughout its length, the teeth varying from 21 to 23 
in the male. Carapace granulated throughout, coarsely so in its anterior 
half; tergites without smooth areas, but closely covered with very fine dust- 
like granules. Other characters are: superior crests of caudal segments I-IV 
with subspiniform terminal teeth ; in the smaller example the fourth tarsus 
carries 6 spines externally (including those on the external lobe), but in the 
larger example only 5; chelicerae with several stridulatory lamellae ; upper 
surface of hand covered with numerous, moderately coarse, isolated granules, . 
the finger keel entirely granular or more or less continuous distally, the 
other keels also represented, though indistinctly ; breadth of hand greater 
than the length of the hand-back. 

Measurements—Total length 62, length of carapace 9, of tail 32, of 
humerus 671, of brachium 6°83, of hand-back 5:8, of movable finger 7-7, 
breadth of hand 6:9. 

The types are two adult male examples in the collection of the Transvaal 
Museum, taken by Mr. P. A. Methuen at Narudas Siid and Quibis, near the 
Great Karas Mountains in Great Namaland. The female is unknown, but 
is without doubt distinct from the form described as opinatus, for which 
Simon erected a new genus, Mossamedes, and which is expressly stated to 
have the scape of the pectines free of teeth in the basal fourth of its. 
length. 
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This species is closely related to O. carinatus Ptrs.; the sharply cut 
median notch on the anterior margin of the carapace is very similar in the 
two species. The section of Opisthophthalmus which includes carinatus, 
opinatus, and scabrifrons seems to me to be the most primitive group of 
the whole genus. 


3. O. WAHLBERGI Thorell (Pl. XXII, fig. 38), Ann. Mag. Nat. Hist. 4, xvii, 
p- 18, 1876. 

Distribution: Little and Great Bushmanland northwards to Damaraland ; 
known to me from Kyky and Lower Molopo in the Western Kalahari, from 
North-West Gordonia, and from Mount Temple, Bechuanaland. Dr. 
Purcell (17) distinguishes three races according to the colour of the vesicle ; 
these are not sharply separable in some localities. 


4, O. scHuLTzE! Kraepelin, Denkschr. Med. Nat. Jena. xiii, p. 262, 1908. 
Distribution: The types were from Kubub in Great Namaland, and the 
Transvaal Museum has what appears to be this species from Aus. 


5. O. unpuLAtuS Kraepelin, Denkschr. Med. Nat. Jena. xiii, p. 263, 1908. 

Distribution: Types from Kubub in Great Namaland. The Albany 
Museum has a dried male example, apparently referable to this species, 
which was found in a box of pinned insects unearthed at Aus by Private 
J. R. Honiball. The specimen does not agree entirely with Kraepelin’s 
description. The fourth caudal segment is not cross-wrinkled inferiorly, but, 
shows faint indications of inferomedian keels; the third segment also, 
though granulated, is not transversely wrinkled. The fourth tarsus has 
no external spines inferiorly, but the third tarsus has 1 external spine. 


6, O. INTERCEDENS Kraepelin, Denkschr. Med. Nat. Jena. xiii, p. 265, 1908. 
Distribution : The types were taken at Kubub in Great Namaland, 


7. O. apustus Kraepelin, Denkschr. Med. Nat. Jena. xiii, p. 260, 1908. 

Distribution: Types indefinitely located German South-West Africa. 
The species is omitted altogether from Kraepelin’s more recent list (12). 
I am inclined to think that this is a synonym of Dr. Penther’s species (26) 
O. betschuanicus, described from British Bechuanaland, but only known 
through a single female specimen. 


8. O. EcRIsTATUS Pocock, Ann. Mag. Nat. Hist. 7, 3, p. 411, 1899. 

This species is only known from the type specimen, which is stated to 
have been taken in the Transvaal. It seems to approach the genus Scorpio, 
and, according to Kraepelin, it is probably identical with O. boehmi Krpln., 
described from Lake Tanganyika: the Transvaal record should therefore be 
viewed with suspicion. 
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9. O. carinatus Peters (Pl. XXV, fig. 57), Sitz. Ber. Berlin Akad. p. 505, 
1861. 

As a number of allied species have been described within recent years, 
although no full account of carinatus has yet appeared, the following 
description may serve a useful purpose: Median groove of carapace forked 
in front, the depressed area included within the fork angularly inclined on 
each side to the general surface of the carapace, and thus the anterior 
border of the carapace presents a downwardly directed V-shaped median 
notch ; interocular area smooth, sides of carapace granular, but not coarsely 
so, the granules on the lateral borders of the interocular area not much 
coarser than those elsewhere situated ; median eyes situated at a point 
about 2 of the length of the carapace distant from its hind border, some- 
times a trifle nearer the middle of the carapace ; sternites in both sexes 
entirely smooth, or the last one in the male may be faintly or strongly 
corrugated; first caudal segment inferiorly smooth (or, in the male, 
corrugated like the last sternite), without inferomedian or inferolateral keels, 
or the latter may be present, having several coarse pits in its course, but no 
granules ; in the second segment the inferior surface is similar, but all four 
keels are present; in the fourth segment they are all strongly granular ; 
terminal tooth of superior crest in caudal segments 2-4 enlarged and 
spiniform ; first 6 tergites entirely smooth and polished in the female except 
on the hind borders, and to a slight extent at the sides, very finely granular 
in the males, more especially at the sides; hand of female moderately broad, 
lightly convex above in its inner portion, and covered with numerous very 
low, isolated, but closely packed tubercles of varying shape, or sometimes 
the tubercles fuse together and are so flattened that the surface is practically 
smooth throughout; the finger keel smooth and more or less continuous 
throughout its length, but broken up near the base of the hand, the 
secondary keels obsolete; hand of male like that of female, but a little 
narrower or sometimes considerably narrower; the length of the hand-back 
sometimes considerably less than the breadth of the hand and sometimes 
a little greater ; anterodorsal keel of brachium smooth or somewhat granu- 
lated, posterodorsal keel almost obsolete ; the fourth tarsus with two spines 
on its anterior edge below, the superior lobe about as long as or a little 
shorter than the lateral lobes ; pectines with 24-32 teeth in the male, the 
scape being rectangular at the base behind, with 15-20 teeth in the female, 
the scape being rounded at the base behind; genital operculum considerably 
broader than long in the male, a little longer than broad in the female; 
chelicerae with stridulatory lamellae. 

Measurements.—Total length, M. 100, F. 100; length of carapace, 
M. 15, F. 16°8; of humerus, M. 13°15, F. 12:4; of brachium, M. 12°75, 
F. 12°5; of hand-back, M. 10:5, F. 11:2; of movable finger, M. 16°75, 
F. 165; breadth of hand, M. 12°25, F. 13-5; length of tail, M. 53-25, 
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F. 51; of fifth caudal segment, M. 12, F. 11°8; of vesicle, M. 18, 
F. 13°25, 

The above measurements are from specimens taken in North-West 
Gordonia. 

Dr. Purcell (15) records somewhat larger examples, with carapace in the 
female ranging from 173 to 19 mm. in length. A male example from 
Kimberley has the following dimensions: Length of carapace 18°5, of 
movable finger 14°75, of hand-back 9°7, breadth of hand 9:4, total 
leneth 94. 

Colour brownish, more or less tinged with olive; interocular area 
coloured like the rest of the carapace; legs yellow or pale; hand and 
vesicle pale ; crests of palps, the fingers, and usually also the anterior half 
of each tergite olive. 

This species has two fairly well-marked forms, viz.: (1) A larger variety 
found in Bushmanland and Western Gordonia, remarkable in that the hands 
are very similar in shape in the two sexes, though not quite identical, and 
the upper surface of the hand is beset with low tubercles; (2) a smaller 
variety found at Kimberley, Mount Temple (Bechuanaland), and on the 
western side of the Harts River (Barkly division), which has hands nearly 
smooth in both sexes and the hand of the male much narrower than that: 
of the female (cf. above measurements). Dr. Purcell mentions specimens 
from German South-West Africa in which the under surfaces of the abdominal 
and anterior caudal segments are strongly corrugated in the male, but: 
smooth in the female ; this can be regarded as a third form, for the character 
does not occur in the Kimberley or West Gordonia forms. 

The shape of the genital operculum is a noteworthy character of this 
species. 

Distribution: This species is widely distributed in the western parts of 
South Africa, being common in German South-West Africa and Gordonia, 
extending eastwards as far as Kimberley and Bloemfontein (Dr. T. F. 
Dreyer), southwards into Great Bushmanland (Namaqualand and Kenhardt 
Divisions of Cape Province), and northwards it is recorded by Mr. Pocock 
from Umfuli River, Mashonaland (5). It seems to be one of the most 
generalised species in the genus. 


10. O. scuiEcHTERI Purcell, Ann. S. Af. Mus. vol. i, pp. 12, 143, 1898. 


Distribution: Types from Little Bushmanland, between Henkries, 
Naroep, and Sabies. The species is only known from Bushmanland. 


11. O. aver Purcell, Ann. S. Af. Mus. vol. i, p. 16, and ui, p. 197, 1898. 


Distribution: Type from Steinkopf ; also known from the neighbourhood 
of Port Nolloth. 
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12. O. eranicaupa Purcell, Ann. 8. Af. Mus. vol. i, p. 14, and ui, p. 198, 
1892. 


Distribution: Types from Port Nolloth, and known also from Klipfontein, 
near Steinkopf. 


13. O. carensis Herbst (Pl. XXVI, figs. 63 and 64), Nature. d. Ungefl. Ins. 
iv, p. 62, 1800. 


One of the forms of this species was originally described by Dr. Purcell 
as a distinct species under the name of fuscipes (15) (Pl. XXVI, fig. 62), but 
subsequently he placed it only as a variety of capensis; I now unite there- 
with O. leipoldti Purcell (14) (Pl. XXVI, fig. 65), as the characters of the 
brachium which afford the principal means of distinguishing leipoldti are too 
variable in capensis to justify specific separation. 

Distribution: The typical form, according to Dr. Purcell, occurs in the 
south-west corner of Cape Province (Cape, Stellenbosch, and Malmesbury 
divisions) ; fuscipes occurs at Paarl and the south-west part of Tulbagh 
division ; leipoldti occurs at Clanwilliam. 


14. O. granirrons Pocock (Pl. XXIII, fig. 47), Ann. Mag. Nat. Hist. 6,17, 
p. 240, pl. x, 1896. | 


Distribution: One of Mr. Pocock’s types was recorded from Concordia, 
near Ookiep ; the other two were not precisely located. Dr. Purcell (15) gives 
the distribution as “ highlying parts of the division of Namaqualand, Cape 
Colony (with winter rains), and records a northern race from Steinkopf, 
Annenous, Jackalswater, Grasmond, and Sabies, Bushmanland ; a southern 
race from Garies, Kamiesberg, and from between Steinkopf and Springbok. 

The two races recognised by Dr. Purcell, based on differences in the 
eranulation of the last sternite of the male, and in the spinulation of the 
tarsus of the third leg, are probably not sharply defined. In one of our 
specimens from Steinkopf, an adult male agreeing entirely with the northern 
race in the granulation of the last sternite, there are no spines anteriorly on 
the lower surface of the tarsus of the third leg on one side. 


15. O. pictus Kraepelin (Pl. XXVII, fig. 72), Jahrb. Hamb. Anst., vol. u, 
p. 102, 1894 (female only). 


Distribution: The type was described from the Free State. 

Dr. Purcell records it from Port Elizabeth, Redhouse, and Dunbrody. 
It is known to me from Kimberley (Bro. J. H. Power), Modder River 
F. A. O. Pym), Delpoorts Hope (Kimberley Museum), and from De Aar 
(W. Rice). 

A good account of the chief characters of the southern form of this 
species is given by Purcell (19). 

Males from Kimberley and from Redhouse present decided differences in 
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the nature of the tubercles on the last sternite and inferior surface of first 
caudal segment; in the Kimberley specimen those tubercles are smaller, 
more numerous, and less ridge-lhke than in the Redhouse example. 

Measurements of adult male from Kimberley and adult female from 
De Aar: Total length, M. 76°5, F.82; length of carapace, M. 11-6, F. 14-25 ; 
length of hand ,M. 17°8, F. 19°38; of hand-back, M. 7, F. 8-4; of movable 
finger M. 11:2, F. 12:25; breadth of hand, M. 7-6, F. 11°75; length of 
brachium measured along upper surface, M. 8°8, F. 9.2; of tail, M. 44, 
F. 44. 


16. O. Laticaupa Purcell, Ann. 8. Af. Mus. vol. i, p. 26, Pl. 1v, fig. 6, 1898 
(male only). 


Distribution.—This species is only known through a single male example 
believed to have come from Calvinia. 


17. O. pauuipipes C. L. Koch (Pl. XXII, fig. 36, and Pl. XXIII, fig. 46). 
Die Arachniden, x, p. 3, fig. 757, 1843 (male). 

According to Dr. Purcell (15) it inhabits “a strip of country (with 
winter rains) along the west coast of Cape Colony, extending less than 
100 miles inland. Headquarters: Bokkeveld Mountains (Calvinia and Van 
Rhynsdorp Division), Cedarberggen (Clanwilham Division), Piquetberg 
Range (Piquetberg Division) ; besides, stragglers are found in the whole 
territory occupied by O. granifrons in the division of Namaqualand.” 


18. O. perineutyi Purcell (Pl. XXII, figs. 89 and 40), Ann. S. Af. Mus. i, 
p. 23 and 153, 1898. 


Distribution: The types came from Namaqualand, Cape Province, and 
Dr. Purcell subsequently recorded the species from Sneeuwkop Mountain in 
the Cedarberg range, Clanwilliam Division, at a height of over 3000 ft. We 
have specimens from Steinkopf and O’okiep (Dr. R. Howard). 

This species bears a similar relationship to pallidipes as does austerus to 
karrooensis. The importance of the character of the Y-shaped groove on the 
carapace is uncertain. It may be that these four species are genetically 
related, and even that a direct close relationship may exist between austerus 
and peringueyi or between pallidipes and karrooensis: but on the whole the 
structure of peringueyi points to closer relationship with pallidipes than with 
any other species. 

There is a slight difference of shape in the upper surface of the 
humerus between pallidipes and peringueyi in female examples ; in palli- 
dipes the anterior and posterior crests bounding the upper surface diverge 
from base to apex, whilst in peringueyi they are less divergent and almost 
subparallel. In our specimens the pedipalps of peringueyi are distinctly 
more elongated than those of pallidipes, the humerus of the male being 
longer than the carapace in peringueyi, shorter than the carapace in 
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pallidipes: in this respect peringueyt resembles austerus. The male of 
peringueyt has a coarsely granulated humerus and a nearly smooth hand, 
somewhat as in pallidipes: in austerus the upper surface of the hand is 
nearly as strongly granular as the humerus, and the inner margin of the 
hand is more strongly denticulated than in peringueyi or pallidipes, resem- 
bling karrooensis in the latter respect: the under surface of the hand is 
almost devoid of granules in peringueyi and pallidipes. 


19. O. FLavescEeNS Purcell, Ann. 8. Af. Mus. vol. i, p. 7, (female), 1898. 


Distribution ; Type believed to come from Walfisch Bay. Kraepelin has 
described a male example from the same locality (11) and recorded the 
species also from Hereroland (12). 


20. O. KARRooENSIS Purcell (Pl. XXV, figs. 55 and 58), Ann. S. Af. Mus. 
vol. i, p. 1, pls. i and ii, and 158, also 1, p. 196, 1898. 


The types were taken at Prince Albert Village; Dr. Purcell records it 
also from Laingsburg (Buffels River), Prince Albert Division, Beaufort 
West, Victoria West, Ashton and Hotbaths Robertson Division. The 
Albany Museum has it from Jansenville, from Dirkskraal, Somerset East 
District (B. Marais), Huevel Kraal, near Steytlerville (Miss A. Geard), 
from near Williston (C. Hassard), and from near Uniondale Road (J. L. 
Drége). 

The shape of the hand in males which appear to be sexually mature 
varies considerably even in specimens from the same locality. Two examples 
from Victoria West, of the same length of carapace, have the length and 
breadth of the hand as follows: 26 x 6:1 and 23°5 x 68. It is possible 
that even sexually mature examples may acquire longer and narrower hands. 
at each moult. 

The posterior crest marking off the upper and posterior surfaces of the 
brachium is well defined in this species and its nearest allies ; it occurs also in 
austerus, fossor, and pallidipes ; it is weak in latimanus, carinatus, breviceps, 
chaperi, and peringueyi, and obsolete in granifrons, pictus, glabrifrons, macer, 
crassimanus, capensis, wahlbergi, and granicauda. It is obsolete in Hetero- 
metrus and in Pandinus viatoris. 


21. O. tonetcaupa Purcell (Pl. XXV, fig. 54), Ann. S. Af. Mus. vol. i, 
p: LoS and nm, p. 195, 1898: 


Distribution: The types were taken at Naroep in Great Bushmanland. 
Other localities cited by Dr. Purcell are Wortel near Naroep, Hunitsamas 
near Ramond’s Drift on the Orange River, Beenbreek on the Orange River, 
Zwartmodder and Beestert in the north of Kenhardt Division. We have it 
from Kakamas (Miss Olivier). 

The great breadth of the vesicle is a feature of this species. 
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22. O. ataas Purcell, Ann. 8S. Af. Mus. vol. i, p. 5 and 154, 1898. 


Distribution: One of the types came from Nisbet Bath (Warmbad), 
“Great Namaland; Dr. Purcell recorded this species from several localities 


in Great Bushmanland, Namaqualand Division ; Kraepelin recorded it from 
‘Quibis. 


.28. O. cHAPERI Simon (Pl. XXV, fig. 60), Ann. Soc. Ent. France (5) x, 
p. 387, 1880 (Male only). 


The principal characters of the female were described by Purcell (18). 

Distribution : According to Purcell ‘the Karroo-like country along the 
‘southern side of the Great Langeberg range from its western extremity east- 
wards as far as Ashton (Worcester and Robertson Divisions), ” also from 
Brandvlei, Worcester Division. 


24. O. Fossor Purcell, Ann. S. Af. Mus. vol. i, p. 9, Pl. iu, figs. 4, 4a, and 
i, p» 157,-and i, p. 20271893. 
Distribution: Divisions of Tulbagh, Worcester (western part), and 
Caledon. 


25. O. INTERMEDIUS Kraepelin, Mit. Mus. Hamburg, 1€24, vol. u, p. 89. 


Distribution: Only known from the types, which are indefinitely located 
Cape Colony. 


‘26. O. pattisoni Purcell, Ann. 8. Af. Mus. vol. i, p. 171, 1899. 


Distribution : Sneeuwkop Mountain in the Cedarberg Range, Clanwilliam 
Division. 


.27.O. austeRuUS Karsch (Pl. XXIV, figs 50 and 52), Mit. Minch. Ent. Ver., 
p. 128; 13742. 

The following description is based on specimens from Victoria West and 
Middelburg : 

Median groove of carapace not distinctly forked in front, though slight 
superficial indication of a fork is sometimes present. Median eye situated 
less than 4 of the length of the carapace distant from its hind margin ; 
sides of carapace finely granular, the granules near the lateral borders of 
the interocular area not much coarser than those elsewhere, the interocular 
area smooth; hand of male flattened, the inner portion of the upper surface 
covered with rather coarse granules, the finger keel continuous except in its 
proximal third, smooth or pitted, secondary keels distinct but feeble, the 
inner edge of the hand strongly denticulated, the fingers elongated, the 
length of the hand-back considerably exceeding the breadth of the hand; 
hand of female much depressed, only slightly convex, its width not or 
scarcely exceeding the length of the brachium measured along the upper 
side, the inner portion of the upper surface covered with numerous, closely 
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packed, small, low tubercles, which are mostly rounded but some of irregular 
shape, the finger keel more or less continuous and smooth in its distal half, 
broken up in its proximal half, the secondary keels absent or very indistinct ; 
the postero-superior crest of the brachium distinct in both sexes but not 
strongly developed; sternites all quite smooth; inferior surface of first 
caudal segment quite without granules, or with only a few weak ones, the 
inferomedian and inferolateral keels strong, not granular, but with a few 
coarse pits, and occasionally crenulated in the posterior half; those of the 
second segment are similar but more or less crenulated, especially in the 
posterior half ; terminal tooth of superior crests in third and fourth caudal 
segments enlarged and spiniform ; first 6 abdominal tergites finely granular 
throughout in the male, for the most part smooth and polished in the 
female, but very finely granular on the matt areas on each side of the median 
keel; stridulatory lamellae present on the chelicerae; superior lobe of 
tarsus of the legs shghtly shorter than the lateral lobes, the fourth tarsus 
with 2 (or 5 or only 1) spines anteriorly below, in addition to the 4 on the 
anterior terminal lobe; pectines with 20-23 teeth in the male, 15-18 in the 
female, the scape strongly angular at the base behind in the male, rounded 
in the female. 

Measurements.—Total length, M. 93, F. 91; length of carapace, M. 13°5, 
F. 12-6; of movable finger, M. 21:3, F. 13:6; of hand-back, M. 10:5, F. 9; 
breadth of hand, M. 9, F. 10:2; length of humerus, M. 15:8, F. 10°6; of 
brachium, M. 14, F. 10°25; of tail, M. 55°6, F. 45:7; of vesicle, M. 13°25, 
F. 10°38; width of first caudal segment, M. 5, F. 4:5. 

Coloration.—Usually dull reddish-brown, the legs yellow, the vesicle also 
yellowish ; interocular area paler than the sides of the carapace but not 
strongly contrasting therewith. 

Distribution: Dr. Purcell records this species from Matjesfontein, Touws 
River Station, Sutherland, Middelburg, and Colesberg. We have it from 
Victoria West (P. D. Morris, B. Marais), where the allied species O. karroo- 
ensis Pure. also occurs. 


The elongation of the humerus and of the fingers, in the male, is a 
marked feature of the species ; in a specimen from Jagersfontein (Durban 
Mus. Coll.), however, the humerus is only slightly longer than the brachium 
or the carapace. ‘The degree of convexity of the upper surface of the hand 
in the female varies somewhat ; an example from the Colesberg district has 
the hand rather more convex than examples from Victoria West. 


28. O. crasstmanus Purcell (Pl. XXV, fig. 56), Ann. S. Af. Mus. vol. i, 
p. 164, and u, p. 200, 1899. 


Distribution: Types from Jackalswater in Namaqualand division and 
other specimens taken in various localities in the divisions of Namaqualand 
and Kenhardt and from Van Wyks Vlei, Carnarvon. 

10 


138 Transactions of the Royal Society of South Africa. 


Dr. Purcell seems to think this species is a near ally of granifrons Poc. ; 
I believe it to be related to nitidiceps and glabrifrons. 


29. O. nivrpiceps Pocock (Pl. XXIII, fig. 44, and Pl. XXVII, fig. 73), 
Ann. Mag. Nat. Hist. 6, 17, p. 248, 1896. 


have no doubt but that O. breviceps Poc., founded on a male described 
at the same time as the type female of nitidiceps, is co-specific therewith.. 
There are no data regarding the locality of the type of breviceps, but the 
description agrees exactly with specimens from Grahamstown and Alicedale. 
The type of nitidiceps came from Port Elizabeth, and an adult male from 
that locality, in the British Museum, agrees closely with the type of brevi- 
ceps, but differs slightly in the shape of the hands and in the finger-keel ; 
the latter is practically continuous throughout its length in the type of 
breviceps, but in the Port Elizabeth specimen is broken up in its basal half. 
Other points of difference are represented in the following statistics : Breadth 
of hand in breviceps type 8 mm., in Port Elizabeth specimen 9 mm.; length 
of hand in b.t. 21°75, in P.E.s. 18; length of movable finger in b.t. 15, in 
P.E.s. 12; length of brachium in b.t. 10-4. in P.E.s. 9; pectinal teeth in 
b.t. 17-18, in P.E.s. 13-16. 

The type female of nitidiceps agrees with the female of breviceps in our 
collection in all respects, except as follows: Inferomedian keels of first 
caudal segment very distinct as granular keels in the first half of that 
segment, the space between them being quite free of granules, but in the 
posterior half of the segment the keels are quite obliterated, the space 
between them being choked with granules; whereas, in our female speci- 
mens of breviceps, the first caudal segment is smoothly rugulose below, the 
median groove absent anteriorly, the keels being merely indicated as the 
inner margins of the inferolateral groove, or, if distinct as crenulated or 
eranular keels only in the posterior half of the segment. In the types of 
nitidiceps the scape of the pectines is free of teeth at the base over about 
one-third of its length, but not so much so in our specimens. See Hewitt 
(19). In spite of these differences, I do not regard breviceps as a sharply 
defined variety. 

Distribution: The species is known to me from Grahamstown, Brak- 
kloof, Kentucky farm Fish River, Dikkop Flats, Groote Vlakte (Somerset 
East District), Alicedale, Cradock, Dirkskraal (Somerset East District), 
Carlisle Bridge, and Long Hope. Dr. Purcell records it from Port Eliza- 
beth and Dunbrody (17). 


30. O. GLABRIFRONS Peters (Pl. XXV, fig. 59; Pl. XXVI, fig. 61; and 
Pl. XXVII, fig. 74), Monatsber. Berlin Akad., p. 514, 1861. 

Distribution: The type was from Tette, and according to Pocock (5) 

and Purcell (15 and 17) this species extends from Griqualand West, 


A Survey of the Scorpion Fauna of South Africa. 139 


Bechuanaland, and the Transvaal into Mashonaland and to the west coast 
of Lake Nyassa. It is very common in the Transvaal, sometimes (Pretoria) 
occurring in the same localities as pugnaz, but seems to be rare on the 
high plateau. According to Mr. G. van Dam, glabrifrons frequents stony 
kopjes, whilst pwgnaa prefers the low valleys. 

The Transvaal Museum has this species from the following localities : 
Pretoria District: Zoo Hill, Koedoespoort, Magaliesberg, Kaalplats, 
Wondeboom, Goedgedacht, Roodeplaat, Hartebeestpoort, Rosslyn, Gezina, 
Mooiplaats, Derdepoort, Meintjeskop, Zwartspruit, Silverton. Rustenburg 
District : Rustenburg, Groenkloof, Zandfontein, Wolhuterskop, Bokfon- 
tein, Brits. Waterberg District: Vygeboompoort, Waterberg, Pongola. 
Zoutpansberg District: Pietersburg, Shilowane, Leydsdorp, Turfloop, 
Selati, Grifin Mine, Munnicks Farm, between Sand and Nuanetzi Rivers. 
Barberton District: Hectorspruit, Steynsdorp, Komati River. Carolina 
District: Arnhemburg. Heidelberg District: Greylingspost. 

I am doubtful of the accuracy of Dr. Purcell’s Kimberley record; we 
have the species from Dry Hartz siding (E. C. Wilmot), however. Krae- 
pelin records it from Port Elizabeth, but this must be an error. 

The species varies much in size, specimens from the Zoutpansberg 
District being much larger than those from Pretoria or from Maamiaans- 
hoek in the Waterberg District. There is a still smaller form in Mashona- 
land, represented in our collection from Salisbury (C. von Hirschberg) and 
from Marandellas (O. E. Kidwell). There is also considerable variation in the 
degree of coarseness in the granulation of the last sternite and first caudal 
segment inferiorly. In our specimens from Mamiaanshoek (C. R. Prance) 
those granules are decidedly coarser and fewer than in Newington examples, 
and a single male specimen from Doornkop near Belfast is also quite coarsely 
eranulated. Dr. Purcell found that stridulatory lamellae were present in 
all Mashonaland specimens examined by him, but absent in all his Trans- 
vaal material. I find that these lamellae are absent in examples from 
Newington, Pietersburg, Pretoria, Steynsdorp, Arnhemburg (Carolina 
District), and from Serowe; but present in examples from Salisbury, 
Marandellas, Dry Hartz Siding, Doornkop, and Mamianshoek. They are 
present in all the specimens (twenty-three) belonging to the Rhodesian 
Museum. 

In a single male specimen from Mochudi there is a single lamella on 
the left chelicera, but none on the right. 

According to Dr. Purcell’s key, the tarsi of the last 2 pairs of legs 
may occasionally have 2 external spines below, but I have seen no 
examples of this amongst some hundreds of specimens examined. 

The first 6 tergites are smooth in the female except at the sides and 
on the posterior margin, finely granular in the male. 

Pretoria specimens of glabrifrons and of pugnax are markedly distinct, 
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and apparently constantly so, yet the variation met with in the two groups 

throughout their respective areas of distribution is such that the two 

extremes are to a considerable extent linked together by intermediates, and 
may become difficult to draw a sharp line between the two groups. 

The following measurements are based on large specimens from Newing- 
ton, Hast Transvaal: Total length, M. 110, F. 107; length of carapace, 
M. 16:2, F. 19; breadth of same, M. 14, F. 17:3; distance of eyes from 
anterior edge of carapace, M. 11, F. 12°5; width of hand, M. 10-6, F. 14-4; 
length of handback, M. 8:5, F. 10:1; length of movable finger, M. 16, 
F.19°6; length of humerus, M. 11:4, F. 12:4; length of brachium, M. 11:5, 
F. 12:4; length of tail, M. 57:6, F. 56; width of first caudal segment, 
M. 6°75, F. 7; width of fifth caudal segment, M. 5, F. 5; length of fifth 
caudal segment, M. 12°5, F. 12°5; length of vesicle, M. 18°5, F. 14°75. 


31. O macsrrR Thorell, Actes Soc. Sci. Nat. Ital. 1877, vol. 19, p. 286 (male). 

Distribution: Purcell (15) says: ‘Along the south coast from False 
Bay eastwards as far as Port Elizabeth, and probably further; northwards 
the species extends along the Langeberg range into the divisions of 
Worcester and Ceres.” I doubt if this species occurs eastwards of Port 
Elizabeth, and Pocock’s Zululand record (5) should be confirmed. It was 
given on the evidence of a specimen collected by G. F. Angas, who, how- 
ever, collected in Western Cape Colony as well as Zululand. 


32. O. Larrmanus Koch, Die Arachniden, VIII, p. 65, fig. 640 (female), 
1841. 

With this species I now unite pugnax Thor., and it may perhaps be 
necessary to include macer Thor. also, for the range of variation within the 
species latimanus, as now enlarged, is very great. 

A short description of both sexes of the typical form has been given 
by Dr. Purcell (15). The following additional notes are based on our 
specimens : 


‘O. latimanus var. typicus (Pl. XXII, fig. 37, and Pl. XXIV, fig. 51). 


Tergites in the male finely shagreened ; in the female, excluding the last 
tergite, they are often smooth and shining to a considerable extent, though 
coarsely sculptured and pitted, or they may be entirely roughened and 
eranulated, coarsely so in their posterior portions ; last sternite of the male 
usually with numerous comparatively small, closely packed granules; some- 
times, however, these are sparsely scattered, sometimes granules as such 
are practically absent, the surface being strongly plaited transversely or 
thrown into low wavy ridges or even more or less irregularly rugose; of 
female sometimes quite smooth mesially, but usually roughened, granulated, 
or tubercled and coarsely pitted, and often showing the 4 keels; first 
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4 sternites of the male often transversely wrinkled or finely roughened, 
but sometimes the first is quite smooth and succeeding sternites nearly so; 
inferomedian keels of first caudal segment in the male always granular, 
the granules not very coarse, and between the keels there are a number of 
granules, especially anteriorly, but the whole space between the keels is not 
filled up thereby; in the female these keels are well developed, nearly 
smooth or more or less crenulated ; terminal tooth of superior crest in third 
and fourth caudal segments not spiniform; hand of male with slightly 
convex inner surface above, its breadth much exceeding the length of the 
handback, fingers moderate, secondary keels distinct and often strongly 
developed, the upper surface covered with isolated rounded granules, usually 
coarse, but sometimes fairly fine; hand of female very broad, convex above, 
and covered with rather large low tubercles, which are sometimes rounded 
and more or less distinct, sometimes of irregular shape and anastomosing,, 
forming a more or less complete reticulation of coarse ridges; sometimes 
the surface is only slightly convex and the tubercles so low that the surface 
is nearly smooth ; secondary keels indistinct ; the superior lobe of the fourth 
tarsus usually as long as or slightly longer than the lateral lobes; pectines. 
with 14-19 teeth in the male, the scape rectangular at the base behind, with 
10-16 teeth in the female. 

Measurements (of an adult female).—Total length 103, length of cara- 
pace 15-8, width of hand 13-6, length of handback 8:2, of movable finger 
16:5, of tail 49. 

Measurements taken from an adult male from Schurfteberg, Somerset 
East District are: Length of carapace 12°3, of humerus 10°25, of brachium 
10:25, breadth of hand 8:6, length of handback 7:25, of movable finger 
14°25. 

Colowr.—Hands very dark, often with a purple tinge or almost black, 
interocular area reddish brown, remainder of carapace and tergites dark 
brown ; the tail is brown, the legs reddish brown or sometimes yellow, and 
the vesicle is yellowish brown. 

Distribution: The Albany Museum has the typical form of latimanus 
from the following localities: Grahamstown, Highlands. Brakkloof, Fort 
Beaufort, Jansenville, Glen Lynden, Schurfteberg (Somerset East District),. 
Alicedale, Redhouse, Mimosa, Alexandria, and Queenstown. The British 
Museum has specimens from Burghersdorp, Steynsburg, Baviaan River 
Bedford District, Pearston, and King Williamstown. See also Dr. Purcell’s 
records (15 and 17). The specimens from the Murchison Range recorded 
by Pocock (5) under the name of latimanus are undoubtedly glabrifrons, 
as suspected by Dr. Purcell. 

This form is only satisfactorily separated from pugnax by the nature 
of the granulation of the last sternite and of the inferior keels of the first 
caudal segment in the adult male. The British Museum has a small male 
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example from Queenstown which closely approaches the pugnazx condition. 
The last sternite in that specimen has rather large and smooth granules in 
its mesial portion, the granules being disposed in few rows. There is no 
coarse granulation on the penultimate sternite such as occurs in Pretoria 
specimens of pugnaz; the inferomedian keels of caudal segment I are not 
definitely granular, but coarsely and irregularly pitted; the interocular area 
is densely granulated ; pectinal teeth 16. In a male example from Pearston 
the last sternite is coarsely granulated, but the granules are much more 
numerous than in the Queenstown male. 

Specimens from Jansenville in our collection have the following char- 
acters: Female, hand only slightly convex above and the ridges so low that 
the surface is nearly smooth, last sternite quite smooth mesially, infero- 
median keels of first caudal segment pitted but not crenulated, interocular 
area quite smooth throughout, pectinal teeth 16. Male, last sternite without 
granules mesially but with low transverse ridges, hand above beset with 
rather fine granules, pectinal teeth 19. It is much paler than the ordinary 
form of latimanus, the legs being yellow. 

The shape and granulation of the hand in adult males is somewhat 
variable, and on this account I regard austeroides as only a form of latimanus 
rather than a distinct species. 


O. latimanus var. pugnax Thor. (Pl, XXIII, figs. 41, 45, and Pl. XXVII, 
fig. 75). 

Distribution: Thorell’s type (1) came from “Caffraria” and the form 
seems to be characteristic of the higher parts of the Transvaal, Free State 
and Basutoland. We have it from Pretoria (G. van Dam) and from 
Hornsnek. The British Museum has specimens from Basutoland and from 
Kuruman. 

The Transvaal Museum has this species from the following localities : 
Pretoria District: Rosslyn, Wondeboom, Goedgedacht, Mayville, Koedoes- 
poort, Hornsnek, Sjambokstad, Robert’s Heights, Quaggas Poort, Waterkloof, 
Garstfontein, De Kroon, Zoo Gardens, Mooiplaats, Derdepoort. Rustenburg 
District: Rustenburg, Groenkloof, Zandfontein. Potchefstroom District : 
Friederikstad. Newcastle District : Boscobello.— Witwatersrand: Riet- 
fontein (near Johannesburg ).—Heidelberg District : Vereeniging. 

This form is unknown to me from Eastern Cape Province. 

The average number of pectinal teeth in pugnax is rather less than in 
typicus, but the two forms cannot be sharply separated on this character. 

The first 6 tergites are usually thickly granular throughout. The first 
4 sternites of the male are often transversely wrinkled mesially, especially 
on the third and fourth sternites, the first being sometimes practically 
smooth and the second only weakly wrinkled; on the fourth sternite there 
is a tendency for the transverse ridges to break up into more or less distinct 


A Survey of the Scorpion Fauna of South Africa. 143 


coarse granules; in the female the first 4 sternites are quite smooth. 
The hand of the female is covered above with low anastomosing coarse 
tubercles, especially on the inner surface basally, or with isolated coarse 
tubercles, the finger keel more or less completely broken up, the secondary 
crests well developed or at any rate distinct; that of the male has the upper 
surface covered with low coarse tubercles of irregular shape, but isolated for 
the most part and not closely compacted, the finger keel strong, more or less 
completely broken up or smooth over a considerable distance in its distal 
portion, the secondary keels strongly developed. 

Measurements (of anadult male and female from Pretoria) : Total length 
M. 75, F. 82:5; length of carapace M. 10, F. 12; breadth of carapace M. 
10°5, F. 11:4; distance of median eyes from anterior edge of carapace M. 6°3, 
F. 78; width of hand M. 8.25, F. 10:2; length of handback M. 5:5, F. 6.5; 
length of movable finger M. 10°75, F. 11:5; length of tail M. 39-4, F. 36:6; 
width of first caudal segment M. 5-4, F. 5-2; width of fifth caudal segment 
M. 4, F. 3:3. 


O. latimanus var. austeroides Hewitt (Pl. XXIV, fig. 48). 


Distribution : The types (Hewitt 21) are from Klerksdale near Middel- 
burg, Cape Province. The elongation of the humerus and of the hand in 
the adult male is a distinctive feature of this form. From austerus Karsch, 
it may be distinguished as follows: Humerus of male shorter than the 
carapace, terminal tooth of superior crests in caudal segments IIT and IV 
not spiniform, fewer pectinal teeth (M. 16-18, F. 138-14). In the types, the 
total length of which is M. 89, F. 90, the length of the carapace is M. 13, 
F. 13-4 and of the humerus M. 11°8, F. 9°8. 

I regard this form as intermediate between typical latumanus and 
austerus. 

A similar but smaller variety is known to me from Herschel, and a male 
specimen from Burghersdorp in the collection of the British Museum is very 
near austeroides, but the hand is not quite so elongated. 


O. latimanus var. keilandsi Hewitt (Pl. XXIV, figs. 49 and 53). 


Distribution : The types (Hewitt 21) are from Keilands, Cape Province, 
This may possibly be same as O. praedo Thorell (1) a form which I am 
obliged to discard owing to the uncertainty of its position: see Purcell (15). 
Kraepelin (10 and 11) and Penther (26). 


O. latimanus var. natalensis Hewitt (Pl. XXIII, figs. 42 and 48). 

Distribution : The types (Hewitt 24) are from Estcourt and Mooi River, 
Natal. Itis a stouter form than keilandsi. This is the form recorded by 
Pocock from Estcourt and Durban under the name of pugnaw; the Durban 
record requires confirmation. 
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Key to the South African Species of the Genus Opisthophthalmus. 


(1) Median groove of carapace with a well-developed Y-shaped fork in 
front: eye tubercle situated far behind the middle of tke carapace.* 


a. Under side of first four caudal segments convex, not grooved longi- 
tudinally, the median crests quite obsolete, represented at most by 
black lines. Superior process of tarsi much shorter than the lateral 
lobes. (a'!—b?.) 
al, External lobe of tarsus IV with 3 spines; male with all the 
sternites and lower surfaces of caudal segments I-IV smooth 
and polished ; carapace more finely granulated than in ater 
O. schlechteri Pure. 
b!. External lobe of tarsus IV with 4 spines. 
a’. Abdominal sternites and first 3 caudal segments in- 
feriorly smooth and polished, caudal segment IV some- 
what roughened below; tarsus IV with 1 external 
spine inferiorly. Entirely black . ; é Male of O. ater Pure. 
b?. Last sternite, and first 4 caudal segments inferiorly, 
densely and finely granular in the male, smooth in the 
female except on caudal segments III and IV, which are 
thickly granulated; tarsus IV without an external spine 
inferiorly. Ochraceous to brown . : . O. granicauda Pure.. 
b. Under side of caudal segment IV with median and lateral keels, the 
surface distinctly grooved between the keels, (a>—bi.) 
a’, Last sternite always coarsely, though often somewhat weakly 
granular, at least in the middle: tarsus IV with a single 
internal row of spines below (in capensis occasionally with a. 
minute external spine also) and with 3-4 spines on the external 
terminal lobe. (a*—b’.) 
a‘. Interocular area smooth or weakly granular, not bordered on 
each side by a strip of coarse granules; all the sternites 
coarsely granular, excepting sometimes the first sternite of 
the female; tarsus IV with 3-4 spines on the external lobe, 
the superior process shorter than the lobes . : ; O. pictus Kraep. 
b4. Interocular area granular or rugoso-granular in the anterior 
half; sides of carapace coarsely granular, especially along the 
borders of the interocular area, sternites II-V in the male, 
and V with the hinder portion of IV in the female, granu- 
lated. (a° and b’°.) 
a°, Finger keel and upper crest of brachium composed of a 
row of coarse granules; outer part of upper surface 
of hand coarsely granular; superior process of tarsi 
shorter than the lateral lobes; external lobe of tarsus 
*’ IV with 3 spines: . ; ; : : : - OO. granifrons Poc. 


* O intermedius and O. fossor, having occasionally a partially developed fork, may 
sometimes fall in this section: see sec. 3. It should be understood that the several 
main sections here distinguished are not sharply defined natural groups, although as: 
far as possible each species is arranged alongside its nearest allies in this key. 
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b®, Finger keel almost smooth ; superior process of tarsus 
at least as long as the lateral lobes ; ‘ . QO. capensis Herbst. 
1. Upper crest of brachium almost smooth; terminal 
tooth of superior crests in caudal segments [I-IV 
mostly enlarged and spiniform; legs and inter- 
ocular area pale ochraceous. 5 . Oc. typrcus.. 
2. Upper crest of brachium oomnpored of a row of 
coarse granules ; otherwise very like typicus 
O. ec. var. leipoldti Pure. 
3. Similar to typicus, but terminal tooth of caudal crests 
rarely enlarged; legs and whole animal of a rich 
deep reddish brown colour above . . O.c. var. fuscipes Pure. 
b?. Last sternite smooth in the middle (sometimes in the male of 
PALLIDIPES with exceedingly minute scattered granules, invisible 
to the naked eye); tarsus IV with a double row of spines below, 
viz., 1-3 erternal and 4—6 internal, in addition to the 4 ex- 
ternal and 5 internal spines on the terminal lobes. Superior 
process of tarsus shorter than the lateral lobes. (a®—b’.) 
a°, Interocular area granular on its anterior half and bordered 
laterally by coarse granules; under side of humerus smooth ; 
pectines with 15 or 16 teeth, the scape rounded at base 
behind and free of teeth for about 2 of its length. Hand 
stout, coarsely granular above, its breadth much exceeding 
the length of the hand-back . ; ; . Male of O. laticauda Pure.. 
b®. Interocular area smooth; (in pallidipes somewhat weakly 
granular anteriorly) ; under side of humerus coarsely granular ; 
pectines of males with 24-31 teeth, the seape rectangular at 
the base behind und ioothed throughout its length, of female 
with 16-22 teeth, the scape rounded at the base behind and free 
of teeth for about 4-3 of its length; hand of male nearly 
smooth above, slender, with very long fingers, the breadth of the 
hand not exceeding the length of the hand-back. (a‘ and b/.) 
a’, Sides of carapace abruptly deflected and very steep, 
very coarsely granular, especially along the borders of 
the interocular area ‘ : : . O. pallidipes Koch. 
b/7. Sides of carapace gradually ara Hot: very much deflected, 
with no coarse granulation bordering the interocular 
area . é : : : é : : : . O. peringueyt Pure. 


(2) Median eyes not far behind the middle of the carapace, their distance 
from the anterior margin at any rate not exceeding 14 times their distance from 
the posterior margin. Median groove of carapace with or without a fork in 
Front. 


a. Protarsus of legs ITand II with a fringe of stiff hairs on the outer 
side ; tarsus III and IV without spines on the outer sides inferiorly, 
though on the inner side 4 spines occur in addition to the spines on 
the end-lobes ; carapace groove not forked. (a! and b.) 

at, All the sternites quite smooth inferiorly in both sexes; 
vesicle granular below in the basal half; upper surface 


146 Transactions of the Royal Society of South Africa. 


of hand quite smooth and rounded in the female, 
nearly flat and almost smooth in the adult male; 
pectinal teeth, male 22-29, female 15-22 : . O. wahlbergi Thor. 
b!. All the sternites of the male but only the last in the 
female with flattened tubercles; vesicle smooth below ; 
hand with flattened reticulating tubercles in both 
sexes ; pectinal teeth, male 21, female 13 : . O. adustus Kraep. 
b. Protarsus of legs I and II usually with 3 long strong spines and 
some stiff hairs on the outer side; tarsus III and usually IV 
with 1-2 spines on the outer side inferiorly (except in ecristatus). 
(a*—b®,) 
a*. Fourth caudal segment inferiorly without trace of a median 
keel, quite rounded as in the preceding segments; carapace 
groove only indistinctly forked. (a? and b*.) 
a’, Sternites and under surfaces of tailsmooth and polished, 
finely punctured. Carapace with smooth spaces behind 
and lateral to the eye tubercle = : . O. schultzei, Kraep. 
b%. Sternites and first four caudal segments inferiorly 
strongly wrinkled transversely. Carapace uniformly 
granular except just in front of the eye tubercle 
Male of O. undulatus Kraep. 
b*. Fourth caudal segment inferiorly with distinct granular or 
smooth median keels or at any rate granulated. (a‘—b®.) 
at. Carapace groove very distinctly forked in front ; inferior median 
keels well developed in caudal segment II. (a® and b’*.) 
a°*. Upper and outer surfaces of hand quite distinct ; vesicle 
almost smooth inferiorly, only granulated just at the 
base if at all: last sternite quite without keels . O. carinatus, Ptrs. 
b®. Upper and outer surfaces of hand completely merging, 
the finger keel being quite obsolete; vesicle coarsely 
punctured over the greater part of its lower surface 
and with some scattered coarse granules at the base ; 
last sternite with 4 strong smooth keels in its posterior 
half; tarsi III and IV with only a single row of 3 spines 


inferiorly . : : ; : : : Male of O. ecristatus Poc. 
‘bt. Carapace groove not forked in front or only indistinctly so. 
(a®—c®.) 


a°. Tarsi IV and III with 2 spines on the outer side in- 
feriorly ; vesicle inferiorly with rows of granules 
extending to the sting; interocular area usually 
somewhat granular ; pectinal teeth, male 26-28, female 
16-21, the scape being free of teeth in its basal fourth 
O. opinatus Sim. 
b®. Tarsus IV without a spine, III with 2 spines on the 
outer side inferiorly ; vesicle inferiorly with short rows 
of granules only at the base; interocular area quite 
smooth ; pectinal teeth, female 10-12 Female of O.intercedens Kraep. 
ce’. Similar to opinatus but scape of pectines toothed 
throughout, carrying 21-23 teeth in the male: inter- 
ocular area coarsely granulated . , .  O. scabrifrons sp. nov- 
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(3) Median groove of carapace not forked in front, and the median eyes 


situated far behind the middle of the carapace.* 


a. Superior terminal lobe of tarsus at least as long as the lateral 
lobes. cylindrical and very thick, being several times as thick as 
the claws at their base, and provided with 6 long stout bristles. 
Anterior surface of humerus very wide, almost as wide as the 
upper surface in the middle. Pectinal teeth, M. 33, F. 20-21 


O. flavescens Pure. 


b. Superior lobe of tarsus slender or short. Anterior surface of humerus 
much narrower than the upper surface in the middle, (a?-b'8.) 
a*, Sides of carapace granular, at least in the anterior half. 
(a3—c}8,) 
a’. Operculum completely cleft longitudinally and provided with 

a paw of stylets on upper surface behind. (Males.) 

a‘, Superior crests of cauda with enlarged terminal tooth 
in segments II-IV (length of hand-back considerably 
exceeding the breadth of the hand in adult). (a?—b®.) 

a®. Scape of pectines rectangular at the base behind and 
toothed along the whole posterior margin. Anterior caudal 
and posterior abdominal segments II-V or III-V finely and 


densely granular below . ; ; : 2 O. karrooensis Pure. 


b°. Scape of pectines obtuse or rounded at the base behind, the hind 
margin free of teeth for some distance at the base. (a°and b®.) 
a®, All the sternites and lower surface of anterior caudal 


segments densely and coarsely granular ; . O. longicauda Pure. 


b’. Sternites and anterior caudal segments inferiorly smooth 
or covered with exceedingly minute scattered granules 


O. gigas Pure. 


bt. Superior crests of tail with the terminal spines not 
enlarged ; length of hand-back subequal to, or less 
than, the breadth of the hand in adult. (a/-c®.) 
a’. Sides of carapace coarsely granular only on the anterior half. 
Tail very long, the width of segment I slightly exceeding 
(or subequal to) its length along the upper median line 


O. pattisont Pure. 


b’. Sides of carapace very coarsely granular as far back as the 
posterior transverse depressions, Tail stouter and shorter, 
the width of segment I considerably exceeding its length along the 
upper median line, (a8-c8.) 
a®. First caudal segment densely and rather finely granular 

below, the median crests obsolete. Last sternite very 
densely and finely granular. Secondary crests of hand 


obsolete on inner part of the upper surface . , O. chaperi Sim. 


b8. First caudal segment inferiorly with well developed 
median crests, separated by a groove. Last sternite 
granular throughout, usually more coarsely so at the 
sides, in the middle sometimes rugose or even nearly 


* These characters are undoubtedly secondary. The absence of the fork on the 


carapace may perhaps be regarded in a limited sense as a loss-mutation. 
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smooth. Secondary crests of hands distinctly raised. 
Legs dark red-brown : : : . O. fossor Purc.. 
c8, Near to fossor, but legs are eles or Pe ole wiah red, and 
secondary crests of upper surface of hands are only 
represented at the base of the finger. Last sternite 
smooth or almost smooth in the middle . : O. intermedius Kraep.. 


b*. Operculum fused along the median line to a single piece, 
without stylets. (Females). 
a’. Superior crests of cauda with enlarged terminal tooth in segments 
II-IV. Breadth of hand 1-14 times the length of the hand-back 
in the adult, the upper surface almost smooth. (a —b!"}.) 
al. Hands flattened above. Scape of pectines free of teeth 
at base behind for about 2 of its length. Tail shorter, 
the length of segment IT along upper median line being 
subequal to its width. Sternites smooth except the 
last, which is weakly granular posteriorly or sometimes 
nearly smooth; first caudal segment densely granular 
below or sometimes almost smooth, or very weakly 
granular mesially behind ; : O. karrooensis Purc.. 
b!°, Hands convex above. Scape of heetines fee of teeth at 
base behind for about 3 of its length. Tail longer, the 
length of segment II along upper median line at least 
+ longer than the width. (a and b!!.) 
all, Anterior caudal segments granular below 0. longicauda Pure.. 
b', Anterior caudal segments smooth below . : O. gigas Pure. 
b®. Superior crests of cauda with the terminal tooth not enlarged. 
Breadth of hand 12-2 times the length of the hand-back in the 
adult, the upper iahiies covered with low broad anastomosing 
tubercles. (a!?—c}8), 
al?, Sides of carapace coarsely granular only in the anterior 
half. Tail long, the width of segment I subequal to its 
length along upper median line. 5 : . O. pattisoni Pure. 
b'’*. Sides of carapace very coarsely granular as Ge back as the 
posterior transverse depressions. Tail stouter and shorter, 
the width of segment I much exceeding its length along the 
upper median line, (al8—c}3.) 
als, Inferior median keels obsolete in caudal segment I. 
Secondary crests on inner part of upper surface of 
hand obsolete, indicated only by black lines. Last 
sternite smooth in the middle or just perceptibly 
rugoso-granular ; : O. chaperi Sim. 
b!8. Inferior median keels of cradal eat I well de- 
veloped, separated by a distinct groove. Secondary 
keels of hands distinctly raised. Last sternite smooth 
in the middle or with a few of the minutest granules . O. fossox Pure. 
c}3, Near to fossor, but see ¢8 . j : : O. intermedius Kraep.. 
b®. Sides of carapace finely granular, the Me iwuiles near the lateral 
borders of the interocular area not much coarser than those else- 
where. (a'4—b!8,) 
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a4, Hand of female flattened, its width not or scarcely ex- 
ceeding the length of the brachium along the upper 
side; of adult male greatly elongated, the length of the 
hand-back considerably exceeding the breadth of the 
hand. Humerus of male elongated, decidedly longer 
than the brachium. Terminal tooth of superior caudal 
crests III and IV enlarged and spiniform. Sternites 
all quite smooth, and inferior surface of caudal seg- 
ment I free of granules or with only a few weak ones, 
the inferior keels strong, not granular, but with a few 
coarse pits, and occasionally crenulated in the posterior 
half . : : : : 4 : ; . O. austerus Karsch. 


b'4, Hand of adult female convex above and very wide, its 
width much exceeding the length of the brachium along the 
upper side: of adult male with the hand-back usually not 
so long as the hand is wide (longer in austeroides, how- 
ever). (al—b}5,) 
al’, Tarsus IV with 3 (sometimes 4) spines on the 

external terminal lobe, and no external spines on 
the under side; tarsus III with no (very rarely 1) 
external spine on the under side, and 4 (very 
rarely 3) on the external terminal lobe: superior 
terminal process of tarsi very small, much shorter 
than the lateral lobes. Superior caudal crests IJ-IV 
with enlarged terminal tooth. All the sternites of 
the male very coarsely granular, especially in the 
middle; of the female with low transverse granules 
in the middle of V, and often with traces of a weak 
granulation in the middle of III and IV. Infero- 
median keels of caudal segments I and II in the 
female replaced by coarse broadly transverse 
granules . : , : O. crassimanus Pure. 

b, Tarsi ITIL and IV with 4 spines on the external lobe and 
1-38 (often O in glabrifrons) external spines on the under 
side also. Terminal tooth af superior caudal crests not or 
only slightly enlarged. 


al6, Superior process of tarsi shorter than the terminal 
lobes. Adult male with all the sternites thickly and 
uniformly granular throughout, the inferior median 
keels of caudal segment I entirely obsolete. Last 
sternite of female weakly granular or obscurely 
rugulose. Adult female with inferomedian keels 
of caudal segment I either quite obsolete, the 
intervening space between the keels being choked 
with granules and the keels themselves merely 
indicated as the inner margin of the inferolateral 
groove, or more or less distinct as weakly crenu- 
lated or granular keels; of II either nearly obsolete 
or quite distinct : ‘ : : . OO. nitidiceps Poc. 
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b'6, Superior process of tarsi as long as the lateral lobes or 
nearly so. (al/—b}8,) 
al”-'Tarsi of last two pairs of legs with 0-1 external 
spines below; inferior median crests of caudal 
seoment I distinctly defined only on the lateral 
side, the space between them not being grooved 
but filled up with numerous closely set coarse 
granules; the median groove of caudal segment II 
is usually filled up also, at any rate in the male. 
Male: last sternite very densely granular, the 
granulations typically occupying about 18-30 
irregular transverse rows; sternites I-IV minutely 
granulated and finely wrinkled in the mesial parts. 
Upper surface of hand densely covered with not 
very coarse granules which are mostly isolated. 
Female: last sternite either densely and coarsely 
eranular or granulation weak and nearly obsolete 
in the mesial parts; secondary crests of hands 
obsolete. ; : : . : : . O. glabrifrons Pet. 
bb’, Inferior median crests of caudal segment TC distinctly 
defined in both sexes (the space between them in segment I 
sometimes filled up with coarse granules in pugnax) ; 
tarst of last two pairs of legs with 2 (sometimes only 1) 
external spines below in addition to the 4 on the outer 
terminal lobe. (a'®8 and b!}8,) 


al8. Upper surface of carapace densely granular, the 
granules on the interocular area generally as well 
formed and as large as those on the sides and 
coarser than those at the hind angles (the inter- 
ocular area sometimes nearly smooth on the con- 
vexities behind and the sides of that area with 
coarser granulation). Inferior caudal keels quite 
smooth in the anterior segments, not granular, at 
the most interrupted by pits in the male. Last 
sternite of both sexes smooth in the middle, rarely 
very finely granular in the male. Chelicere with 
stridulatory lamelle. Hands more or less yellow, 
with 4 black very strong keels above. 5 . O. macer_Thor. 


bls. Inferior median keels of caudal segment I of the 
male either strongly or weakly granular or at least 
crenulated ; carapace with finer granulation than 
in macer. : : 3 . O. latimanus Koch and its varieties. 


a. Chelicere with stridulatory lamellae. 

1. Inferior median keels of caudal segment I 
distinctly but not very coarsely granular in 
the male, and the last sternite either nume- 
rously and rather closely granulated or 
irregularly rugose or transversely wrinkled 
mesially; in the female the sternite mesially 
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_may be more or less roughened and coarsely 
pitted or practically smooth and the keels 
smooth or weakly crenulated. Interocular 
area partly or wholly covered with the finest 
dust-like granulation which is not coarser 
than that at the hind angles of the carapace. 
Upper surface of hand in the female convex, 
coarsely granular, wrinkled, or tubercled, 
or sometimes nearly smooth; in the male 
coarsely granular or tubercled ; . OL. typieus. 

2. Inferior median keels of caudal segment I 
composed of a series of 6-10 coarse or very 
coarse granules, the space between the keels 
sometimes filled up with equally coarse 
granulation rendering the crests indistinct. 
Last sternite coarsely or very coarsely 
granular (about 6-12 irregular transverse 
rows may be roughly counted between 
anterior and posterior margins in the mesial 
part) : : O. l. pugnax Thor. 

3. Hand of male covered with numerous isolated 
but not very coarse granules, considerably 
elongated and narrow, the length of the 
hand-back exceeding the breadth of the 
hand; of female less convex and flatter than 
in typicus or pugnax. Inferior keels of 
caudal segment I in the male crenulated ; in 
the female almost quite smooth except for 
one or two coarse pits and faint crenulations. 
Last sternite of male either quite smooth 
mesially or somewhat pitted or faintly 
furrowed transversely; of female quite 
smooth . ; : ; : . O. 1. austeroides Hewitt. 

B. Chelicere without stridulatory lamellae. 

4, Resembling typicus, but hand of male narrow, 
its upper surfaces nearly smooth, though 
covered with flat isolated granules of varying 
size and shape; of female with the inner 
basal portion almost smooth, the surface 
generally being covered only with low 
irregular flattened granules or anastomosing 
elevations which become coarsely granular 
near the base of the immovable finger and 
alone the inner edge of the hand. Last 
sternite of male coarsely granular mesially 
(about 15-20 rows can be roughly counted 
between anterior and posterior margins). 
Inferior median keels of first caudal segment 
of male composed of about 12 or more coarse 
granules. Fifth caudal segment of male 
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measuring 10°5 x 3.75. General colour 

yellowish . : ; : . O.1. keilandsi Hewitt. 
5. Resembling pugnar, but hands much less 

coarsely granulated, those of the male being 

covered with numerous quite small and 

isolated round granules; of the female with- 

out coarse granulation except quite near to 

the finger, being covered with a much flat- 

tened meshwork of more or less coalesced 

ridges and granules. Median eyes more 

posteriorly situated, their distance from 

hind end of carapace being less than } the 

length of the carapace. Tail stouter than 

that of keilandsi, the last caudal segment of 

the male measuring 10 x 4°25; granulation 

of last sternite and of inferior-median keels 

of caudal segment I in the male coarser 

than in keilandsi, but hardly so coarse as in 

typical pugnax : : : . O.1. natalensis Hewitt. 


Gen. PANDINUS Thorell. 


P. viatoris Pocock, Ann. Mag. Nat. Hist., 6, 6, p. 100, pl 1, fig: I 
1890. 


Distribution: The type came from the interior of Hast Africa (coll. 
Emin Pasha) and the species is known from German East Africa, Nyassa- 
land, and from Broken Hill, Rhodesia. It is not known to the Rhodesian 
Museum from South Rhodesia. 

The principal characters of this species, the only one of the genus likely 
to occur within our limits, are: 

Hach end lobe of the tarsi with only 2 short strong spines (sometimes 
also a weak terminal one may occur), and in addition the tarsus has inferiorly 
2 inner and 1 outer spines; last sternite and lower surfaces of first caudal 
segment quite free of granules; last sternite without keels; hand only slightly 
broader than length of hand-back, the inner margin of the upper surface not 
smooth but roughened and subdenticulated in the distal half. Pectinal 
teeth 11-14. Total length 120 mm. 
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Sup-rFaAMILy ISCHNURINAE. 


Gen. CHELOCTONUS Pocock. 


©. crassimanus Pocock (Pl. XXVII, fig. 71), Ann. Mag. Nat. Hist., 6, 17, p. 
313, 1896. 


Distribution : The type was said to have come from East London. The 
species is known to me from King William’s Town (F. A. O. Pym), Kei 
Bridge (H. Kumm), Mqanduli (Miss A. Pegler), Butterworth (W. H. 
Tooke), and Weltondale (Miss Ross). Pocock’s early records of this species 
include Basutoland and Natal, but probably the former record should now 
be referred to anthracinus. 


In this species the vesicle varies considerably in size, being usually much 
swollen but at other times comparatively small. Sexual differences are not 
strongly marked. The hand of the male may be just as smooth as in the 
female or it may be more or less sculptured ; the vesicle is the same in the 
two sexes ; the pectinal teeth are on the average more numerous in the male, 
ranging from 5 to 7, whereas in the female there are 4 or 5. 

A fairly distinct form of crassymanus is known to me from Weenen, Natal 
(H. L. Buleock). It is a little larger than the typical form, the upper 
surface of the hand is a trifle flatter, the hand is not quite so strongly lobed 
on the inner side at its base, and the sides of the fifth caudal segment are 
quite free of granules. The measurements are as follows: Total length 61, 
length of hand-back 7, of movable finger 7°75, greatest breadth of inner 
portion of upper surface of hand 6, length of humerus 5:5, of brachium 6°8. 

These hand measurements may be compared with those taken from an 
adult specimen of crassimanus typicus from Kei Bridge: Greatest breadth 
of inner portion of upper surface of hand 6, length of humerus 5:2, of 
brachium 6:1, of hand-back 6, of movable finger 7°25. 

The vesicle is comparatively small in the three availablespecimens. This 
form I designate as C. crassimanus Poe. var. nov. depressus. 


C. antHRacinus Pocock (Pl. XXVIUI, fig. 67), Ann. Mag. Nat. Hist., 7, 3, 
p. 418, 1899. 


Distribution: Described from “ Griqualand West,” and known to me 
from Ntolas and Mvenyane near Cedarville (J. E. Pope), Riverside, Griqua- 
land Hast (Rev. P. Boneberg), Entree Siding near Standerton, and Polela, 
Natal (Durban Museum), Giants Castle Game Reserve (Transvaal Museum). 

The British Museum has specimens from Estcourt and Greytown in 
Natal and from Griqualand East. We have a specimen from Kokstad (Sr. . 
Stephany) in which the hands are unusually smooth. 

1] 
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This species should perhaps be regarded as a variety of crassimanus. 
Our largest specimen, from Ntolas, has the following dimensions: Total 
length 65, length of tail 30, of carapace 8°6, greatest length of humerus 
measured superiorly 6°3, length of movable finger 8, of hand-back 6:8, breadth 
of hand 7:6. 

Examples from Natal are considerably smaller. 

The vesicle is not so much swollen as is usually the case in crassimanus. 
The superoanterior crest of the humerus is very prominent and well devel- 
oped in our large specimen from Ntolas; it is not so prominent in smaller 
examples. | 


C. GLABER Kraepelin, Mt. Mus. Hamburg, vol. 13, p. 134, 1896. 


Distribution: Prof. Kraepelin originally recorded this species from 
German South West Africa but has not included it in his recent lists of the 
fauna of that region (12). We have what appears to be the same species 
from Paradoxus near Whittlesea (Miss S. Chinn). 

The British Museum possesses a specimen belonging to the original type 
series from which it would appear that Prof. Kraepelin’s description in Das — 
Tierreich is not quite correct; the sides of the fifth caudal segment are 
weakly granular, but the vesicle is quite without granules. Prof. Kraepelin 
has also informed me that in his specimens the vesicle is obsoletely punctate 
and smooth. 

The hands and brachium are almost quite smooth above, the ridges being 
obsolete ; the granules on the upper surface of the humerus are fine. In our 
largest specimen from Paradoxus, a female, there are 6 pectinal teeth but in 
other examples there are only 5. 

The measurements are as follows: Total length 73, iength of tail 31, of 
carapace 9°5, of movable finger 8°5, of hand-back 7:9, of humerus measured 
superiorly 7, breadth of hand 7. Compared with crassimanus or anthracinus, 
the pedipalps of this species are appreciably elongated and the hand 
narrowed. ‘The vesicle is less swollen than that of crassimanus. 


C. sonest Pocock (Pl. XXVII, fig. 70), Ann. Mag. Nat. Hist., 6, 9, p. 44, 
1892. 

Distribution: Type from the Murchison Range, and known to me also 
from Hectorspruit, Woodbush, Shilowane, Newington, White River, Wak- 
kerstroom (Transvaal Mus. Coll.), East Zululand, Entendweni, Zululand 
(Natal Mus. Coll.’, Paulpietersburg and Nexwala Hill, Zululand (Durban 
Museum). 

The humerus crest is often represented by a single coarse granule in the 
middle of the segment. 

The frontal triangle is often weak or indistinct. 

The pectinal teeth are usually 6 or 7 but sometimes 5 or 8. 

The variety described by me (21) under the name of C. jonesi var. 
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sculpturatus (Pl. XXVII, fig. 66) occurs at Groenkloof, Rustenburg District, 
and the Transvaal Museum has a similar variety from Arthol, Ermelo 
District. This variety connects together the typical jonesi and anthracinus. 
It is possible that sculpturatus and anthracinus will be found to merge 
together; according to our material, large specimens of the two forms are 
well separated in the character of the superoanterior crest of the humerus, 
which is strong in anthracinus but weaker in sculpturatus, and moreover, in 
sculpturatus the sides of the fifth caudal segment are not granular. 

It seems probable also that the typical form of jonesi will prove to be 
directly connected with crassimanus. 


C. INTERMEDIUS Hewitt (Pl. XXVII, fig. 68) Records Albany Mus., ii, p. 308, 
1912. 
Distribution: Type from Lydenburg and known to me also from 
Machadodorp (Brit. Mus. Coll.). 


Key to the Species of the Genus Cheloctonus. 


1. Humerus with a distinct superior crest in front ; upper surface 
of hand more or less rounded and forming a very obtuse angle 
with the hand-back ; hand and brachium closely and finely 
punctured, sometimes obsoletely so, the general surface almost 
smooth but reticulately marked; carapace finely granulated 
almost throughout, without extensive smooth areas; sides of 
fifth caudal segment with scattered fine granules or some- 


times almost without granules : . C.crassimanus Poc. 
la. Upper surface of hand flattened ; sides of fifth ead seoment 
free of granules ; . C. crassimanus depressus var. nov. 


2. Differs from crassimanus thaw! a leader side of brachium and 

hand much more coarsely sculptured, ornamented with thick 

smooth ridges and scarcely visibly punctured.” The carapace 

granulated almost throughout, without smooth areas except 

immediately in front; sides of fifth caudal segment with 

scattered, comparatively coarse, granules. General colour 

black ; vesicle ferruginous : . C. anthracinus Poe. 
3. Differs from crassimanus thus: Wpber ditice Be: fae flatter, 

forming an angle of about 110° with the hand-back ; carapace 

with extensive smooth punctured areas, its anterior portion 

being almost quite free of granules except near the median 

eyes ; supero-anterior crest of humerus more acute . . C. glaber, Krpln. 
4. Humerus without a superior crest in front; upper surface of 

hand smooth and rounded; fifth caudal segment without 

granules at the sides, or only finely is and the upper 

surface not grooved mesially . : . C. gonesi, Poc. 
4a. Similar to typical form of jonesi, but difarne as ones: feard 

and brachium much more coarsely sculptured above, being 

ornamented with thick, smooth ridges forming a coarse net- 

work; humerus with a low but distinct supero-anterior crest 
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composed of 5 or 6 coarse granules, the upper and anterior 

surfaces separated by this crest being very obtusely inclined 

to each other. ‘ : : : ; . COC. Jonesi sculpturatus Hewitt. 
5. Differs from all other species of the genus in that the vesicle 

has a double row of granules inferiorly ; supero-anterior crest 

of humerus strong; upper surface of hand only slightly 

convex; sides of fifth caudal segment without granules; 

carapace finely granular throughout except anteriorly. C. in/ermedius Hewitt. 


Gen. HADOGENES Kraepelin. 


H. troetopytres Peters (Pl. XXIX, figs. 83 and 84; also text-fig. 4 (1), 
(2), Monber. Ak. Berlin, 1861, p. 513. 


The type of this species was stated to have come from Tette; we have 
a large series from Serowe (S. Blackbeard) which, according to Prof. 
Kraepelin, who has examined Peter’s type, should be referred to this species. 
However, it is very improbable that the form which occurs in the neighbour- 
hood of Tette can be identical with that from Serowe. The characters of 
the Serowe specimens are as follows: 

Anterior margin of carapace quite straight; terminal tooth of superior 
caudal crests only slightly enlarged, not subspiniform, except sometimes 
that of the third segment in males; superior crests of caudal segments IT 
and III only very feebly toothed, distinctly so in IV and V; sides of 
vesicle finely granular and outer surfaces of patellae finely granulated 
throughout ; upper surface of hand slightly convex, and in the male there 
are some fairly strong denticulations just below the inner edge; the lobe 
at the base of the movable digit low and broad in the male, but higher and 
stronger in the female; tergites of male moderately finely shagreened, of 
female quite without granules or with the finest dust-like granulation at 
the sides ; pectinal teeth of male 25-28, of female 19-22 (the types have 
male 22-23, female 18-20); fifth caudal segment of male distinctly longer 
than the hand-back. Other important characters are contained in the 
following measurements, based on typical adult specimens from Serowe : 

Total length, M. 166, F. 152; length of carapace, M. 16, F. 18:5; breadth 
of carapace, M. 16°25, F. 19-4; length of hand, M. 30:5, F. 35:5; breadth 
of hand, M. 9:8, F. 12; width of upper surface of humerus including 
sranules, F. 64; length of last sternite, M. 11, F. 12:5; breadth of last 
sternite, M. 13, F. 16; length of first caudal segment, M. 16°5, F. 11:5; 
width of same, M. 3, F. 3:5; height of same posteriorly, M. 4:25, F. 4-4; 
length of second caudal segment, M. 21, F. 15:2; length of third caudal 
segment, M. 22, F. 15°5; of fourth caudal segment, M. 28-5, F. 17:5; of 
fifth caudal segment, M. 20, F. 16; of vesicle, M. 9:2, F. 10-3; breadth of 
vesicle, M. 2°9, F. 3°5; height of vesicle, M. 3-7, F. 4. 

This Serowe form is probably the same as H. betschuanicus Penth. (26), 
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founded on a small male from British Bechuanaland; the type was no 
doubt immature, and the description is certainly insufficient for critical 
determination. H. austro-africanus Penth, described at the same time and 
said to have come from Matabeleland, was founded on very young examples, 
and is quite unidentifiable. 


The Albany Museum has an adult female, taken not far from Serowe 
(S. Blackbeard), which seems to represent a distinct form ; it isa connecting 
link between the Serowe form of troglodytes and granulatus. This variety, 
which I now describe as H. troglodytes var. crassicaudatus, has the following 
characters and measurements distinguishing it from the form just described: 
Tail slightly shorter, the first caudal segment distinctly shorter and stouter 
than in the typical form; humerus rather more elongated and narrower 3 
the teeth of the inferolateral and mesial rows on the fifth caudal segment 
much more strongly developed ; pectinal teeth 15; superior crests of caudal 
seoments II-V only weakly denticulated. Length of carapace 17°7; of 
tail 72; of first caudal segment 9°3, breadth of same 3:4, height behind 4:2 ; 
length of second caudal segment 12, of third segment 12°5, of fourth 
segment 14, of fifth segment 13-2; of vesicle 10, breadth of vesicle 3, height 
of same 3°8; width of upper surface of humerus, including granules, 5°75. 
The sides and lower surfaces of vesicle are only very finely granulated ; the 
external surfaces of the patellae are granular almost throughout. 


Another form of troglodytes is known to me from a single adult male 
example in the collection of the Transvaal Museum taken at Vliesenpoort, 
Rustenburg District. This form, which I now designate H. troglodytes var. 
dentatus, has the following characters: Superior crests of caudal seg- 
ments II-V strongly denticulated (in the Serowe form, II and IIT are not 
denticulated or only faintly so), and the terminal tooth in II and III is 
subspiniform ; caudal segments a little deeper posteriorly and not quite so 
much elongated as in the Serowe form; anterior margin of carapace not 
quite straight, very shallowly excavated. 

Total length 141, length of carapace 14°5, of first caudal segment 13-5, 
of second caudal segment 16°3, of third segment 16°25, of fourth seg- 
ment 17:9, of fifth segment 15:9, of vesicle 8:7, height of first caudal 
seoment posteriorly 4, height of second segment posteriorly, including the 
terminal tooth, 4°7, length of hand-back 15:5, length of movable finger 14°75, 
breadth of hand 8-9. Pectinal teeth 22. 

The Transvaal Museum has another male example, unfortunately without 
locality data, which seems related to this form, but differs as follows: 
Caudal segments more elongated (14°75, 18:7, 18-9, 20:4, 18-1, 9°75); the 
superior crests of II and III are not so strongly denticulated, though quite 
definitely toothed ; carapace straight in front; pectinal teeth 21-23. 
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Lastly, a distinct form occurs on the Matoppos, South Rhodesia, being 
characterised by the complete absence of granulation on the sides and 
lower surfaces of the vesicle in the female. This variety, now designated 
H. troglodytes var. nov. matoppoanus (Text-fig. 4 (7) ), is represented in the 
collection of the Rhodesian Museum by three adult female examples, two 
of which were taken on the Matoppos by Mr. G. Arnold, whilst the third 
and largest also came from the neighbourhood of Bulawayo. The characters 
are: Pectinal teeth 16-17 in the Matoppo specimens, 15-16 in the third 
example; tail a trifle stouter than that of the common form at Serowe, the 
first segment being noticeably shorter and stouter ; vesicle smooth at the sides 
and below, but with more numerous hair pits than in the Serowe females ; 
anterior margin of carapace not quite straight, but only very shallowly 
emarginate. 

Measurements of largest ecample—Leneth of carapace 18°75, breadth of 
carapace 18, length of first caudal segment 9:9, of second segment 12°15, 
of third segment 11°85, of fourth segment 13°7, of fifth segment 13, of 
vesicle 10°35; posterior height of first segment 4°5, posterior breadth of 
same 3°5; height of vesicle 4, breadth of vesicle 3:5. 

The male thereof is not known with certainty, as there are no specimens 
actually labelled from the Matoppos in the Rhodesian Museum, but in their 
collection is an adult male, from the neighbourhood of Bulawayo, which 
I suspect to be that of matoppoanus. The characters of this male are as 
follows: Vesicle granulated at the sides and inferiorly, but not very densely 
so; pectinal teeth 21-22; anterior margin of carapace shallowly excavated ; 
tail (including vesicle) 6 times as long as the carapace, the caudal segments 
being less elongated than, and not so greatly compressed laterally as in the 
Serowe males, the length of the fifth segment being a trifle less than that 
of the hand-back; superior crests of second and third caudal segments 
weakly denticulated only in the posterior half of each segment, the terminal 
tooth not clearly subspiniform. 

Measurements.—Length of carapace 16°5, breadth of same 16°5, length 
of first caudal segment 15:15, of second segment 18°5, of third segment 18:5, 
of fourth segment 19°8, of fifth segment 18, of vesicle 10, of hand-back 18:5, 
of movable finger 14°25, of humerus 16°5. 

This male somewhat resembles that of H. troglodytes var. nov. dentatus, 
but the stronger denticulations of the superior caudal crests of the latter 
present a marked point of difference. 

The Rhodesian Museum has also a fourth adult female example which 
resembles matoppoanus very closely, but differs as follows: Superior crests 
of second caudal segment rather strongly denticulated (only very weakly 
denticulated in matoppoanus) ; caudal segments rather deeper and shorter ; 
pectinal teeth 16-19. 3 

Measurements.—Length of carapace 17°6, breadth of same 17°6, length 
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of first caudal segment 9, of second segment 11, of third segment 10:5, of 
fourth segment 11:8, of fifth segment 11:2, of vesicle 9°75, of hand-back 
18°25, of movable finger 16. 

This is presumably very closely related to dentatus. 


H. eranutatus Purcell (Pl. XXXI, fig. 91), Ann. S. Af. Mus. ii, p. 204 
(male), 1901. 


Distribution: The type was labelled “Rustenburg district.” I have 
briefly described what seems to be a female of this species from Wankie, 
South Rhodesia (21), and we have also two female examples from Tsessebe 
Siding (E. C. Wilmot). The pectinal teeth of the former are 15, 16, and 
of the two latter specimens 17-19. 

The Tsessebe specimens also differ from the Wankie female in the rather 
shorter and stouter tail, the measurements of the larger specimen being as 
follows: Length of carapace 19:6, of tail 76°5, of first caudal segment 8:6, of 
second segment 13, of third 12°8, of fourth 15, of fifth 15-5, of vesicle 10°6 ; 
posterior breadth of first caudal segment 4°4, height of same 4; breadth of 
last tergite 16-2, length of same 12. The superior crests of the fourth and 
fifth caudal segments are fairly strongly denticulated, but rather weakly and 
more numerously so in the Wankie female ; a similar difference obtains with 
regard to the inferior crests of the fifth segment. 

The last tergite is distinctly broader in Tsessebe specimens, being about 
as long as broad in the Wankie female. Judging from the locality data, 
the Tsessebe specimens are probably more nearly typical, whilst those from 
Wankie seem to represent a slender-tailed variety of the species. 

One of the marked features of granulatus is the large size of the vesicle 
and the comparatively coarse granulation and roughness of its surfaces ; the 
superior crests of the second and third caudal segments in the female are only 
weakly denticulated, and the terminal tooth, though enlarged, is not subspini- 
form; the anterior margin of the carapace is straight in female examples, 
very shallowly emarginate in the Wankie male. 

An adult male example in the Rhodesian Museum has only 19 pectinal 
teeth. 


H. sicotor Purcell (Pl. XXXI, figs 88 and 89), Ann. S. Af. Mus. i, p. 437 
(female), 1899. 


The type was found 20 miles east of Pietersburg. The Transvaal 
Museum has 2 adult female examples from Woodbush. 

The Albany Museum possesses an adult male from Doornkop, near Belfast 
(R. Gerhardt), which I think must be referable to the same species. It is 
characterised by an unusual shortness of the tail, the first segment being 
stout. The other characters are as follows: Anterior border of carapace 
moderately but not deeply excavated; last sternite distinctly broader than 
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long; terminal tooth of superior crests in caudal segments II and IIT 
enlarged and subspiniform, of IV slightly enlarged ; sides of vesicle smooth, 
becoming granular inferiorly ; upper surface of hand convex, not flattened,. 
and immediately below the inner margin of the upper surface there is a row 
of strong denticulations (similar denticulations occur in troglodytes, but not 
in gracilis) ; the lobe at the base of the movable finger is larger, deeper, and 
more acute than in other species known to me; the post-ventral granular 
keel of the brachium is unusually weak, and owing to the dorso-ventral 
flattening of the segment that keel is very markedly interior to the outer 
surface of the brachium; pectinal teeth 24. Total length 122; length of 
carapace 15, breadth of same 14°9; length of hand 30°6, breadth of same 
10°5 ; length of movable finger 15-7, of humerus 16°3, of hand-hack 17:5; of 
last tergite 10, breadth of last tergite 11; length of first caudal segment 10, 
height behind 3:4, breadth 3°6; length of second segment 12, of third 
segment 12°7, of fourth segment 13-7, of fifth segment 13:8; of vesicle 9,. 
height of vesicle 3:4, breadth 3:2. 

A half-grown male from Woodbush has 20-21 pectinal teeth and the 
sides of the vesicle are finely granulated. 


H. gunniyer Purcell (Pls. XXI and XXX, figs. 28 85, also text-figs. 4 (5) 
and (4)), Ann. 8. Af. Mus. i, p. 435 (female), 1899. 


Distribution: Type from Pretoria. The Transvaal Museum has it from 
Zoo Hill, Meintjes Kop, Koedoospoort, Derdepoort, Quaggas Poort, Riet- 
fontein, Knoppieslaagte, Mooiplaats, Roodeplaat, and Magaliesberg. 

The male of this species has been described by me (18). A larger 
specimen than the one described has the following measurements: Length 
of first caudal segment 10°6, of second segment 13:4, of third segment 13:5, 
of fourth segment 15°8, of fifth segment 15°5; of vesicle 8, height of vesicle 
3°4; length of last sternite 8:3, breadth of same 10, length of hand-back 13°6. 
In the female the vesicle is quite smooth, the fifth caudal segment is only 
feebly denticulated superiorly, and the external surfaces of the patellae are 
very finely granulated throughout. This species is connected with troglodytes 
through the form described in this paper under the name of H. troglodytes 
matoppoanus. 


H. aractiis Hewitt (Pl. XXX, figs. 86 and 87, also text-figs. 4 (5) and 
(6)), Ann. Transvaal Mus. uy, p. 41, 1909. 


Distribution : Type from De Kroon, Crocodile River; also known to the 
Transvaal Museum from the following localities in the Pretoria and Rusten- 
burg Districts: Rosslyn, Zwartkopjes, Wolhuter’s Kop, Bon Accord Quarry, 
and Sjambokstad. An adult male example, slightly larger than the one I 
previously described, has the following tail measurements: 20°5, 25:5, 25°6, 
27°5, 23°75. This species is easily separated from the Serowe form of troglo- 
dytes by a number of characters apart from the elongation of the tail; e. q. the 
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anterior margin of the carapace is lightly excavated in gracilis but straight 
in troglodytes, the latter has no spiniform terminal teeth on the superior 
crests of caudal segments IT and III, and the last tergite of the male is 
relatively broader than in gracilis. Nevertheless I am inclined to suspect 
that the two forms will prove to be linked up by intermediates. The last 
tergite of the male is sometimes quite as long as broad, at other times 
rather broader than long; the terminal tooth of the superior crest of caudal 
segment ITI may be spiniform or only subspiniform ; the anterior margin 
of the carapace may be moderately excavated or only very slightly so. 

The superior caudal crests in the male are not definitely denticulated 
or only weakly so. The fourth caudal segment of the male is devoid of an 
enlarged, almost subspiniform, terminal tooth, as often occurs in gunningi ; 
the vesicle is not deep as in that species, and the last tergite is relatively 
longer in gracilis than in gunningi. The shape of the vesicle affords a ready 
means of distinguishing between females of gracilis and gunningi; in 
gracilis the vesicle is decidedly more elongated in proportion to its depth. 
In adult female specimens of gracilis and gunningi the measurements of the 
vesicle are respectively, height 3, 3, length 8°5, 6°75. 


The Albany Museum possesses a distinct form of this species from 
O’okiep (Dr. R. Howard). This I now describe under the name of 
H. gracilis var. namaquensis (Pl. XXXII, fig. 92). The adult male from 
O’okiep very closely resembles that of typical gracilis, but differs as follows. 
Fifth caudal segment slightly longer ; vesicle smooth on the sides, except 
inferiorly, whereas in gracilis it is finely granulated almost throughout; the 
granules composing the supero-anterior crest of the humerus are more 
numerous (18-20) but smaller than in typical gracilis (13-14); upper 
surface of humerus narrower than in gracilis and almost quite flat, not 
shallowly excavated as in typical gracilis. The measurements areas follows: 
Total length 165; length of carapace 13-4, width of same 15; width of hand 
71, length of hand-back 14°5, of movable finger 13°3; length of last sternite 
10:5, breadth of same 10; first caudal segment 16°25 long, 3:25 high, 2°6 
broad posteriorly ; second caudal segment 20-4 long, third caudal segment 
20-4 long, fourth caudal segment 28 long, fifth caudal segment 20°6 long ; 
vesicle 8°25 long, 2°6 high. Superior crests of caudal segments IT and IIT 
weakly but numerously toothed throughout except immediately in front, the 
terminal tooth only a little enlarged. Pectinal teeth 18. 

The female is unknown to me. 

This form is presumably the same as that taken at Steinkopf and 
Kamaggas by L. Schultze, and referred to by Kraepelin (11) as taeniwrus 
Thorell ; subsequently, that authority seems to regard it as distinct from 
Thorell’s species (12). I think it cannot possibly be taeniwrus in view of 
the stoutness of the first caudal segment in that species. 
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Hapogrnes TaEnruRvs Thorell, Actes Soc. Ital. Sci. Nat. xix, p. 254, 1877. 


This species was founded on an adult female example collected by C. J. 
Andersson in “ Africa meridionalis”’; as Dr. Purcell has remarked, Andersson 
collected in Damaraland, and Prof. Kraepelin records the species from 
Ababis in Hereroland (12). According to the latter author, it differs from 
troglodytes in the smooth vesicle and the fewer pectinal teeth. In the shape » 
of the first caudal segment it seems to resemble H. granulatus, as observed 
by Purcell. The characters given by Thorell are as follows: Carapace very 
lightly emarginate anteriorly, not equalling in length the first and second 
eaudal segments together ; third caudal segment 24 times longer than wide 
posteriorly ; pectinal teeth 15; total length 123°5 mm.; length of tail 61; 
length of carapace 16°75; first caudal segment 7°5 long, 3°75 wide and 
3 high; fifth caudal segment 12:25 long, 2 wide in middle, 3 high; vesicle 
8:75 long and 3°25 high. The male of this species has not been described. 


HapocENEs PHYLLODES Thorell, Actes Soc. Ital. Sci. Nat. xix, p. 257, 1877. 


This species, described by Thorell as a variety of taeniurus, seems to have 
been founded on a subadult or adult female, and unfortunately is without 
locality data. According to the description it differs from taeniwrus in the 
form of the tail, and the upper margin of the vesicle in side view is concave 
in phyllodes but very lightly convex in taeniurus. Third caudal segment 
nearly 34 times longer than wide posteriorly. Pectinal teeth 14. Total 
length 1138, length of carapace 144, of tail 63; first caudal segment 9'6 long, 
2°5 wide, 3 high; second caudal segment 11°5 long, 2°33 wide, 3°5 high ; third 
caudal segment 11:5 long, 2°33 wide, 3°33 high; fourth caudal segment 13 
long, 2 wide, 2°5 high; fifth caudal segment 12°5 long, 2°5 high; vesicle 
8 long, 2°5 wide, 3 high. 

Dr. Purcell believes that the form I have described under the name of 
Af. gracilis var. namaquensis is the same as phyllodes Thor. 


H. trryrus E. Simon, Ann. Soc. Ent. France, 6, vii, p. 383, 1887. 


Distribution: Type either from Namaland or from Mossamedes, according 
to Prof. Kraepelin (11), who records the species from Kubub in the south of 
Great Namaland and from Kaiser Wilhelm-Berg, near Windhuk. Simon’s 
description of the type indicates an adult specimen, though only 37 mm. in 
total length; he describes it as a male, but records only 9-10 pectinal 
teeth! This would seem to te a primitive species, very like an Opistha- 
ccanthus. 

H. rricururvus Gervais, Arch. Mus. Paris, v, 3, 1848. 

The type of this species is a female example recorded from “la Cafrerie”’ 

(Delalande) ; the description was meagre and the figure accompanying it 


probably diagrammatic. Although it is impossible to say with certainty 
what some important characteristics of the typical form may be, even if a 
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full description of the type female were available, yet it seems permissible to 
accept Kraepelin’s general account of the species in ‘ Das Tierreich’ so long 
as we include therein all South African forms of Hadogenes in which the 
anterior margin of the carapace is deeply incised. 

The following varieties of this species may be recognised: H. trichiwrus 
var. whitei Purcell (Pl. XXXII, figs. 94 and 95, also text-fig. 4), described 
(16) from Brakkloof, near Grahamstown. We have a specimen also from 


a 
Y 


é 3 


Trext-Fig. 5.— Outlines of fifth caudal segment and vesicle in side view of— 
1. Female of Hadogenes trichiurus gruciloides from Cradock. 2. Male of 
same. 3. Male of Hadogenes trichiurus caffer from Keilands. 4. Male of 
Hadogenes trichiurus whitei from Brakkloof. (Drawn with the aid of an 
enlarging camera ) 


the neighbourhood of Alicedale (W. W. Austin). Dr. Purcell described it 
as a distinct species, but may have attached too much importance to Gervais’s 
figure of trichiurus. The Brakkloof, Fish River Randt, and Alicedale 
specimens are certainly characterised by the stoutness of the first caudal 
segment, especially in female specimens, but it seems doubtful if this form 
can be sharply marked off from the one which occurs near the Kei River. 
The pectinal teeth are, male 17, female 12-14. 

We have a small adult male from Queens Road (about midway between 
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Grahamstown and Fort Brown) which seems referable to whitei ; its measure- 
ments are as follows: Length of carapace 10:5; first caudal segment, length 
9, posterior height 3, posterior breadth 2°6 ; second caudal segment, length 
12:25, posterior height (not including spine) 31; third caudal segment, 
length 13:1, fourth caudal segment 14°6, fifth caudal segment 14; vesicle, 
length 6-2, height 2°75; length of movable finger 11, of hand-back 10:3, 
breadth of hand 6°75; last] tergite, breadth 8°5, length 8. Pectinal teeth 
16-18. 


A variety occurring at Cradock is rather like my H. gracilis var. 
namaquensis, and but for the fact that the terminal teeth of the superior 
keels on the second and third caudal segments are strongly spiniform in the 
male, there could be little justification for specifically separating the two 
forms. This variety I now describe under the name of H. trichiurus var. 
graciloides (Pl. XXI and XXXII, figs. 35, 93 and 97; also text-fig. 5 (1) 
and (2). The types are one adult male and three adult females from Cradock 
(D. White-Cooper). 

In the male the carapace is only moderately excavated in front, in the 
female rather more deeply so. The superior crests of the fifth caudal 
segment of the female, as well as male, are strongly denticulated. Supero- 
anterior crest of humerus with 18-16 granules in both sexes. Caudal 
segments of both sexes more slender than in whitei. The measurements 
are: Total length, M. 140, F. 101; length of carapace, M. 12, F. 13; length 
of last tergite, M. 9:5, F. 8°5; breadth of same, M. 9°5, F. 10:2; length of 
first caudal segment, M. 12:2, F. 7:5; posterior breadth of same, M. 2°5, 
F. 2°5; posterior height of same, M. 3, F.3; length of second caudal segment, 
M. 16, F. 9:4; height posteriorly at base of spine, M. 3:15, F. 3; length of 
third segment, M. 17-1, F. 9°5; length of fourth segment, M. 18°5, F. 10°75; 
length of fifth segment, M. 17°5, F. 11; length of vesicle, M. 7°5, F. 7°5; 
height of vesicle, M. 3, F. 2°6; length of hand-back, M. 12°75, F. 1415; 
breadth of hand, M. 6-7, F. 8:5; length of movable finger, M. 11:5, F. 13:5. 
Pectinal teeth, M. 17, F. 13-16. 

We have specimens of a smaller size from Rooispruit, near Rosmead 
(A. Gibbons). The male of this small form has the following measure- 
ments: Length of carapace 11, of first caudal segment 9°75, of second 
segment 18, of third segment 13°75, of fourth segment 15:6, of fifth seg- 
ment 14°5, of vesicle 6:25, posterior height of first caudal segment 2°75, 
posterior height of second caudal segment 2°8, length of movable finger 10-6, 
breadth of hand 6°5. Pectinal teeth, M. 16, F’. 13-15. 

The British Museum has a still smaller male specimen from Deelfontein. 
The anterior excavation of the carapace is deeper than in the Cradock male, 
whilst the last tergite and the external surfaces of the femora are more 
coarsely granulated. The measurements are as follows: Length of cara- 
pace 10°75, of hand 20°5, of hand-back 11°5, of humerus 11°6, of first caudal 
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segment 9°5, of second segment 12°8, of third segment 13°6, of fourth seg- 
ment 14:8, of fifth segment 14°5, of vesicle 6:25, breadth of first caudal 
segment 2°1, height of second segment posteriorly 2°75, of fifth segment 1-7, 
breadth of hand 5:6, breadth of carapace 10°8. Pectinal teeth 15. 

The slenderness of the hand, vesicle and tail, especially of the adult 
male, is a distinguishing feature of graciloides. 


A third variety of this species I now describe under the name of 
H. trichiurus var. caffer (Pls. XXI, XXXI, and XXXII, figs. 34, 90 and 96; 
also text-fig.5 (3) ). Itis known to me from Keilands (Fr. A. Schweiger), 
Kei Bridge (H. Kumm), and Shawbury (Miss J. Hoodless). In this variety 
the carapace is deeply excavated in front, the vesicle and hands are bigger 
than in graciloides, the caudal segments are deeper and slightly stouter. 
In the female the fifth caudal segment has its superior margins almost 
smooth, or at any rate only feebly denticulated. 

Measurements (of male from Keilands and female from Kei Bridge).— 
Total length, M. 140, F. about 115; length of carapace, M. 12:9, F. 14; of 
first caudal segment, M. 12, F. 8; of second, M. 16, F. 10°3; of third, 
M. 17:3, F. 10:6; of fourth, M. 19, F. 11:8; of fifth, M. 17-8) HE 1225)" 
vesicle, M. 8°5, F. 8°5; of hand-back, M. 138, F. 15; of movable finger, 
M. 13:8, F. 15:6; of last tergite, M. 10, F. 10; breadth of hand, M. 7°8, 
F. 9°5; breadth of last tergite, M. 9:9, F. 11:7; of first caudal segment 
posteriorly, M. 2°9, F. 3; height of first caudal segment posteriorly, M. 3°65, 
F. 3:25; of second segment posteriorly, M. 3:8, F. 3:4; of fifth segment, 
M. 2°5, F. 2:5; of vesicle, M. 3-1, F. 3:25. Pectinal teeth, M. 19-23, F. 
14-16. 

A fourth variety occurs in Natal, for no doubt H. pallidus Poc. (Ann. 
Mag. Nat. Hist. 7, 2, p. 198), is only a form of this species. The type of 
pallidus is quite immature, and until adult material is available from the 
same locality (junction of Blaauwkrantz and Tugela Rivers) the characters 
of pallidus must remain uncertain. The Natal Museum has some immature 
specimens of trichiwrus from Umfolosi, Zululand, and we have an adult 
female of this species from Weenen (H. lL. Bulcock). 


H. minor Purcell, Ann. 8. Af. Mus. i, p. 486, 1899. 


This species, and its variety cedri Purc., are only known through speci- 
mens found in the divisions of Calvinia and Clanwilliam. 


Key to the South African Species of the Genus Hadogenes. 


A. Carapace with practically straight anterior margin. 
(1) Sides of vesicle finely granular; terminal tooth of superior 
caudal crests only slightly enlarged, not subspiniform, 
except sometimes that of the third segment in males; first 
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caudal segment deeper than broad posteriorly ; superior 

crests of caudal segments II and JII only feebly denticu- 

lated ; pectinal teeth of male 22-28, of female 18-22. H. troglodytes Ptrs. 
(2) Similar thereto, but with first caudal segment shorter and 

stouter, though not so broad as deep posteriorly, the 

denticulations of the fifth caudal segment inferiorly much 

more strongly developed; only 15 pectinal teeth (female). 

H. troglodytes var. nov. crassicaudatus. 

(3) First caudal segment broader than deep posteriorly, or at | 

any rate as broad as deep ; pectinal teeth of male 19-23, of 

female 15-19. Tail of male about 6-62 times, of female 

about 38-43 times as long as the carapace. Vesicle 

coarsely granulated . ; . : : : . A. granulatus Pure. 
(4) A small species about 60 mm. long; the setae near the 

lower hind edge of the brachium and hand arranged in a 

single row ; vesicle of female smooth, the caudal segments 

laterally compressed; tail of male shorter than the trunk 

(26 : 32); pectinal teeth, male 138-15, female 9-10 . H. tityrus E. Sim. 


B. Anterior margin of carapace shallowly excavated. 
(5) Similar to troglodytes, but superior crests of second and 
third caudal segments strongly denticulated and the 
terminal teeth subspiniform (male) . HH. troglodytes var. nov. dentatus. 
(6) Similar to troglodytes but tail a trifle stouter ; vesicle of 
female quite without granules Jaterally and inferiorly, but 
granular in the male; fifth caudal segment of male hardly 
so long as the hand-back; superior crests of caudal seg- 
ments without spiniform or even markedly subspiniform 
terminal teeth in either sex; pectinal teeth, male 21-22, 
female 15-17 . ‘ ; ; . H. troglodytes var. nov. matoppoanus. 


(7) Sides of vesicle quite smooth or with the finest dust-like 
granulation in the female, granular in the male ; tail of 
male about 6 times as long as the carapace, the first seg- 
ment in both sexes deeper than broad ; last tergite broader 
than long in both sexes; superior crests of caudal seg- 
ments II and III in the male with spiniform terminal 
teeth, which in the female are more or less subspiniform. H. gunningi Pure. 


(8) Tail of male strongly compressed from side to side and 
about 83 times as long as the carapace, the fifth caudal 
segment being very slender and about equal in length to 
the distance from the base of the hand-back to the lobe 
on the movable finger; vesicle longer than in gunningi, 
finely granulated laterally in males, more or less distinctly 
so in females; last tergite more elongated, being often a 
trifle longer than broad in the male ; ; , . AH. gracilis Hew. . 

(9) Adult male with vesicle smooth on the sides, except 
inferiorly ; the granules of the supero-anterior crest of the 
humerus smaller than in gracilis but more numerous (18- 
20); fifth caudal segment longer than the distance from 


168 Transactions of the Royal Society of South Africa. 


the base of the hand-back to the lobe of the movable 


finger. . : . HH. gracilis var. nov. namaquensis. 


(10) Tail very aout and stout eben 42 times as long as the 
carapace in the adult male and about 31-3: times as long 
as the carapace in the adult female, the first segment 
broader than deep posteriorly in both sexes; vesicle 
becoming granular inferiorly in the male, quite smooth in 
the female Carapace of female as long as the first two 


caudal segments together : : , . i bicolor Pure: 


(11) Apparently somewhat similar to ees nae female with 
tail about 4 times as long as the carapace (male unknown). 
Carapace as long as the first caudal ici together 


with + of the second . ; : : : . HH. minor Pure. 


(12) Female with tail 32 times as long as the carapace ; first 
segment broader than high; carapace apparently more 
lightly excavated than in bicolor or minor; pectinal teeth 


15 (male unknown). . , . HH. taeniurus Thor. 


(13) Female with tail 43 fine as lee as He carapace ; first 
caudal segment higher than broad, the tail segments being 
laterally compressed; anterior margin of carapace only 


lightly excavated ; pectinal teeth 14 (male unknown). 4H. phy/lodes Thor. 


C. Anterior margin of carapace deeply excavated; superior crests of 
caudal segments II and L1I with strongly spiniform terminal teeth, 
especially in the adult male, where they are often curved forwards ; 
vesicle quite smooth. 

(14) First caudal segment in the female stout, not or scarcely 
higher than wide posteriorly, but in the male decidedly 
higher than wide ; superior crests of caudal segment V in 
the female weakly denticulated ; pectinal teeth, male 17, 


female 12-14 , : , . A. trichiurus var. whitei. 


(15) First caudal segment of tie female nd quite so stout as 
in whitei; superior crests of caudal segment V in the 
female not denticulated ; apts teeth, male 19-23, 


female 14-16 : é ; . A. trichiurus var. nov. caffer. 


(16) Vesicle and caudal sepuiente more slender than in wiitet, 
the first segment in the female being decidedly higher 
than broad posteriorly ; superior crests of caudai segment 
V in the female strongly denticulated; pectinal teeth, 


male 16-17, female 13-16. : . HM. trichiurus var. nov. graciluides. 


Gen. OPISTHACANTHUS* Peters. 


O. capensis Thorell (Pl. XXVIII, fig. 82), Actes Soc. Sci. Nat. Ital. xix, 
p. 246, 1877. 


This species was described as a variety of validus from examples collected 
by J. Victorin at “Caput Bonae Spei.” I have little doubt but that the 


* The type of the genus Opisthacanthus is O. elatus Gervais, a South American 


species. 


Mr. R. I. Pocock originally separated the African species under a distinct 
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specimens from Knysna, referred to by me in a previous paper (19), are 
referable to capensis, as they agree so closely with Thorell’s description, 
although Kraepelin has recently described the Knysna species as new under 
the name of O. obscurus (13); at the same time, Kraepelin recorded capensis, 
as he understood the species, from Victoria in Rhodesia and from Natal, 
yet it seems highly improbable that material from the Knysna neighbour- 
hood, where Victorin is known to have made extensive collections, can be 
identical with a Rhodesian species. According to Kraepelin, O. capensis 
Thor. (presumably the type specimen), has a spine at the terminal angle of 
the tarsi inferiorly; this character, regarded by Kraepelin as of specific 
importance, is certainly a variable one in other species of the genus. 

This species is closely related to asiaticus, differing therefrom in the 
stronger granulation of its surfaces and the coarser sculpturing of the 
hands. 


O. astatrous Keyserling (Pl. XXVIII, fig. 76), Arach. Austral, v. 2, p. 24, 
t. 3, f. 1, 1884-9. 


According to Pocock, this species occurs at Port Elizabeth, and in 
Kraepelin’s synopsis of the genus (13) it is said to occur also in Java. It 
is known to me from Alicedale (F. Cruden), Dunbrody (Fr. J. O'Neil), 
Kamaehs, near Uitenhage (Mrs. T. V. Paterson), Redhouse (Mrs. T. V. 
Paterson). 

I have examined sixteen specimens of this species, including the type 
(in the British Museum). The spine at the angle of the fourth tarsus is a 
constant character, and in addition are usually 4.3 spines, but sometimes 4.4. 
The vesicle is always small in this species. 


genus Qpisthocentrus (4), but subsequently decided to restore them to Opisthacanthus, 
thus abandoning his genera Opisthocentrus and Cheloctonus (6). More recently, in the 
‘ Biologia Centrali-Americana,’ he expresses the opinion that Opisthocentrus should be 
maintained. The question seems to me of some importance in connection with 
zoogeography, and I have, therefore, paid considerable attention to the points 
emphasised by Pocock and have carefully compared our material with specimens 
from Brazil (British Museum) and from Madagascar (P. A. Methuen), with the result 
that I now follow Prof. Kraepelin in referring all to the genus Opisthacunthus. In 
defining Opisthocentrus, Mr. Pocock says: “It may be that these characters are of 
small value in themselves, and it would be bold to assert that every one of them is of 
itself of generic importance, But the aggregate value of them all, coupled with the 
wide difference in the geographical distribution of the two types, is sufficient, I think, 
to justify the adoption of the view of their importance that is here put forward”! In 
considering this statement one cannot but suspect that the writer has misused the 
geographical data; such data should have no place whatever in classification. The 
genus is a very generalised one, and probably of great antiquity. 


12 
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O. agquispinus Kraepelin, Mit. a.d. Nat. Mus. Hamburg, xxvii, p. 80, 
1911 


The type specimens were collected at Zwartberg Pass; we have what 
seems to be the same species from Mossel Bay (Bro. J. H. Power). This 
species is closely related to asiaticus, differing therefrom chiefly in the 
smoother hands. In addition to the spine at the terminal angle of the 
fourth tarsi, the lower margins carry 3.3 or 4.3 spines ; in some immature 
specimens, instead of a spine, there is a long bristle at the terminal angle. 
The coarse granulation on the lower surface of the vesicle is feebly 
developed, whereas in asiaticus the granulation is strong. The legs are 
dark in our specimens, but yellow in the type. 


Eventually this form will have to rank only as a variety of asiaticus, I 
think 


O. vatipus Thorell (Pl XXVIII, fig. 79), Actes Soc. Sci. Nat. Ital. xix, 
p. 244, 1877. 


The type was taken by Wahlberg in Caffraria, and Kraepelin has 
identified the Natal form therewith. Accepting Kraepelin’s definition of 
the species, this form seems to be confined to Natal and Zululand. We 
have it from Krantzkloof (Rev. P. Bonebere), Beaumont (A. Hediger), 
Amatikulu (Natal Mus.), Dumisa (F. Suter); the Durban Museum has it 
from the Bluff, Durban, Mount Moreland, and Tugela (Zululand). 

This form varies considerably in size, an adult male from Dumisa having a 
total length of only 51 mm. anda female from Krantzkloof reaching 79 mm. 

In addition the following varieties may be recognised : 


(a) O. validus var. nov. albanicus.—By this name I designate the form 
commonly found in the Albany and Bathurst Districts. There is generally 
a spine at both terminal angles of the fourth tarsus inferiorly, and in addi- 
tion 3.2 spines along the margin ; in several Grahamstown examples, how- 
ever, the terminal spine on the side which includes the row of 2 spines is 
replaced by a bristle, but the other terminal spine seems to be constant. 
The sides ofthe fifth caudal segment are granulated, coarsely so in the males. 

Generally, the granulation of the vesicle inferiorly is obsolete or weak, 
but in an adult male from Grahamstown, the granules of the paired row, 
though few, are moderately strong; there is no indication of a second pair of 
sranular rows. ‘The upper surface of the hand is sculptured, but not quite 
so coarsely so as in the Natal form. In the female there is no well-devel- 
oped smooth ridge forming the inner margin of the upper surface of the 
hand, arising from the base of the movable finger; in the male there are 
sometimes indications of this ridge, but in such case it 1s broken and short. 

The legs and vesicle are yellowish, except in Pirie specimens, where the 
legs are brown. The following are measurements of an adult female from 
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Trapp’s Valley: Total length 74, length of movable finger 10-7, of hand-back 
9-3, breadth of hand 8-5. 

This form differs from the Natal variety chiefly in the armature of the 
tarsi. It is known to me from the following localities: Grahamstown, Pt. 
Alfred (W. Tooke), Kleinemonde (Mrs. G. White), Trapp’s Valley (W. 
Cronwright), Fort Brown (C. Mally), Pirie (Rev. R. Godfrey), Hast London 
(J. Wood). The East London form approaches typicus in that there are 
generally stout bristles at both angles of the tarsi, but the hand is much 
smoother than that of typicus. 


*(b) O. validus var. fulvipes Pocock (Pl. XXVIII, fig. 77). The type was 
taken in Basutoland (8) and what seems to be this variety is known to me 
from Ladybiand (Dr. T. F. Dreyer), from Tayatazaneng (British Museum), 
from the Burghersdorp District (Dr. R. Broom) from Majuba Nek, Herschel 
District (J. Hepburn), and from Memel between Vrede and Botha’s Pass 
(EK. Bader). The crest on the inner margin of the upper surface of the hand 
is a fairly constant character but the Burghersdorp specimens are scarcely 
distinguishable from albanicus in that respect. There is no median row of 
spicules on the lower surface of the tarsi between the two rows of spines. 
The vesicle of the male has four rows of granules inferiorly, the inferolateral 
rows being quite distinct though weak ; in the female the inferolateral rows 
are absent or indistinct. The shape of the vesicle is probably not so 
constant as its granulation ; it is not very deep in the male from Memel. 


(c) O. validus var. transvaalicus Kraepelin.—This was described (13) as 
a distinct species, the type being merely located ‘Transvaal.’ It is described 
as having a bristle at the terminal angle of the tarsus inferiorly, but I have 
no hesitation in referring to this variety a large series of adult specimens 
from Doornkop near Belfast in which usually a spine occurs at that angle, 
although in some specimens there is a bristle instead. It is also known to 
me from Wakkerstroom (A. Roberts). In the Doornkop material a median 
row of spicules is present on the lower surface of the tarsi but sometimes 
may be only feebly represented ; the spicules are absent from the Wakker- 
stroom specimen. In the latter, the upper surface of the hand is sculptured 
throughout, whereas Doornkop specimens have the hand practically smooth 
in the middle above. 

This variety is closely related to fulvipes, and indeed I have previously 
referred the Doornkop material thereto (19). 

Prof. Kraepelin has recently described (13) what I suspect to be a form 
of validus under the name of O. minor. The type is labelled Frenchhoek 
(Paarl District), but at the same time another specimen of the same form is 
recorded from Mpome (Transvaal). Now it is highly improbable that the 
local form at Frenchhoek can be the same as that at Mpome, and seeing that 
the description agrees in almost every respect with our Doornkop series Iam 
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inclined to ignore the record of the type locality, as being possibly erroneous, 
and to unite minor with transvaalicus. Strictly speaking, the name minor 
has priority over transvaalicus but in view of the uncertainty regarding the 
type specimen of the former I shall for the present employ the latter name. 
O. diremptus Karsch, which Kraepelin originally referred to the synonymy 
of validus but now maintains as a distinct species, is stated to be founded on 
very young examples, and as the locality data are very indefinite I think itis 
undesirable to maintain the name. 

(d) O. validus var. nov. laevis—The types of this variety are eight 
specimens in the Transvaal Museum from the Drakensberg in Basutoland. 
The hand is very lke that of the Doornkop variety, the upper surface being 
smooth to a considerable extent and not depressed, a more or less distinct 
keel arising from the base of the immovable finger to form the inner bound- 
ary of the upper surface. The vesicle is quite smooth inferiorly in both 
sexes. The fifth caudal segment is granulated laterally. At the angles of 
the tarsus inferiorly is a pair of spines and in addition there are usually 
3°2 spines but in one case 3°3 and in another example 2:2; there is no 
median row of spicules between the two rows of spines. Male with 6 
pectinal teeth, females usually with 5, but in one example 6°5. General 
colour brown, the legs being yellow. Male 42 mm. long, female 55. 

This small variety may perhaps prove to be linked up completely with 
transvaalicus. 

(e) Lastly, a pair of specimens from Forbes Reef, Swaziland, also in the 
collection of the Transvaal Museum, seems to represent another distinct 
form which I now name as O. validus var. nov. swazianus. The hand is very 
like that of validus typicus, being coarsely reticulated throughout, not 
smooth in the middle, and without a distinct keel forming the inner margin 
of the upper surface. The fourth tarsus has spines at the angles inferiorly, 
and there is no median row of spicules below. The vesicle of the male is not 
deep and swollen, but has a strongly developed inferomedian pair of granular 
rows, and in addition the inferolateral rows are quite distinct, though‘the 
individual granules are weak; in the female the inferolateral rows are 
obsolete and the inferomedians somewhat less strongly developed than in the 
male. The sides of the fifth caudal segment are finely roughened in the 
male, nearly smooth, but not entirely so, in the female. General colour 
blackish, legs dark. Total length of female 70 mm. Dae: 

The Durban Museum has a female specimen from Utrecht which seems 
to be referable to this variety. 

This form agrees with Kraepelin’s description of minor except in the 
absence of a keel on the inner margin of the hand. 


O. curysopus Peters (Pl. XXVIII, fig. 78) Monber. Ak. Berlin, p. 518, 1861. 


Distribution: Peters seems to have recorded the type from Java, but 
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according to Kraepelin (13), who has examined the type, it isa Natal species. 
It is the species I have previously referred to as rugulosus Poc. (19). Peters 
described it as a variety of asper; his original description is inaccessible to 
me. It is known to me from the following localities in Zululand: Mseleni 
(Natal Museum), Makowe (Durban Museum), East Zululand (Natal 
Museum) ; also from Hectorspruit (Transvaal Museum), Newington (J. P. 
Fenoulhet), and from Serowe (S. Blackbeard). The Serowe material, con- 
sisting of two immature specimens, may possibly represent a distinct variety, 
as the fourth tarsi have 3°2 (or 4:2) spines inferiorly, in addition to the 
bristles at the angles. 


O. taEvireses Pocock (Pl. XXVIII, figs. 80 and 81) Ann. Mag. Nat. Hist., 6, 
12a oto, L893. 


Distribution: The type came from the Sheba Mine, Transvaal; the 
Transvaal Museum has this species from Barberton, Komati River, and 
Louw’s Creek. The females have only 7.7 or 7.8 pectinal teeth and the lobes 
on the fingers are more basally situated and not nearly so prominent as in 
males. 


Key to the South African Species of the Genus OPISTHACANTHUS. 


(1) Pectinal teeth 8-10 in the male (7 or more in female) ; fourth 
caudal segment with a distinct dorsal keel, which is usually 
definitely toothed but sometimes only weakly so ; 2: 
Pectinal teeth 5-7 (usually 6) ; fourth caudal segment Siehone 
a definite keel dorsally and the superior margin not distinctly 
toothed . : : : : : ms 
(2) Supero-anterior crest of Rurtectis ae piounnenee upper surfaces 
of palp with isolated rugosities or granules ; carapace rather 
coarsely granular throughout; a pair of bristles at the inferior 
distal angles of the fourth tarsi, and in addition with 3.3 
(occasionally 3.2 or 4.2) spines inferiorly ; external surfaces of 
fourth femora granulated and punctate. ‘ : . O. chrysopus Ptrs. 
Supero-anterior crest of humerus strong and prominent ; hand 
almost smooth above ; carapace not granulated on the anterior 
lobes; external surface of fourth femur punctate but not 
granulated ; a pair of spines at the inferior distal angles of 
the fourth tarsi and in addition 3.2 spines inferiorly . . O, laevipes Poc. 
(8) Vesicle with only 1 well-developed row (or none) of granules 
on each side inferiorly, more or less distinct indications of a 
second row being sometimes present . : : : As 
Vesicle with 2 well-developed rows of granules on each side 
inferiorly ; external surfaces of femora and patellae of fourth 
leg granulated ; tarsus IV with a bristle at the distal angle 
inferiorly, and in addition 4.3 spines on the lower surface ; 
carapace granulated throughout . : . : : . O. capensis 'Thor. 


174 


Transactions of the Royal Society of South Africa. 


(4) Tarsus IV with 5.4 or 4.4 or 5.5 spines inferiorly, including 
that at the angle, and between these spinous rows a distinct 
median row of spicules : : eo: 
Tarsus IV with either a spine or a Beerle at ie distal angle 
inferiorly and in addition either 3.2 or rarely 3.3 or 2.2 spines 
on the lower surface, and the median row of spicules between 
the spinous rows either quite absent or weak . 5 7 KO: 

(5) Hands with fairly coarse sculpturation on the inner half of 
the upper surface, only a narrow area in the middle of that 
surface being comparatively smooth; vesicle small, with a 
strongly developed infero-median paired row of granules, and 
in addition 2 weakly-developed inferolateral rows. pee 8). 
Hands almost quite smooth above and over the greater por- 
tion of the upper surface ; vesicle only with a weakly-developed 


asiaticus Keys. 


infero-median paired row of granules. 3 : .  O. aequispinus Kraep. 


(6) Tarsus IV with a pair of long weak bristles at the distal 
angles inferiorly, with no trace of a median series of spicules 
between the spinous rows, but with a distinct row of spicules 
basally on the inner (posterior) side; vesicle without granular 
rows inferiorly in the adult ; hands coarsely sculptured above, 
without any indication of a keel arising from the base of the 
immovable finger to form the inner aad of the upper 


surface of the hand . : : . O. validus typicus Thor. 


Tarsus IV with a pair of spines (i one of them may be 
replaced by a bristle) at the distal angles inferiorly, but with 
no trace of a median series of spicules between the spinous 
rows; sides of fifth caudal segment granulated, coarsely so in 
males; vesicle inferiorly with obsolete or rather weak granula- 
tions on the inferomedian rows, and with no indication of 
inferolateral rows; hand sculptured above but not coarsely 
so, and there is no distinct keel forming the inner boundary 


of the upper surface . ; ; ; . O. validus albanicus var. nov. 


Tarsus IV with a pair of spines a the distal angles inferiorly ; 
hand very flat above and somewhat sculptured, a more or less 
distinct keel arising from the base of the immovable finger to 
form the inner boundary of the upper surface ; vesicle deep and 
swollen, especially in males, with well-developed granular 
rows inferiorly; sides of fifth caudal segment granulated 


throughout, or at any rate superiorly. Legs yellow. O. validus fulvipes Poe. 


Similar to fulv/pes, but tarsus [IV may have either spines or 
strong bristles at the distal angles inferiorly, and sides of 
fifth caudal segment are not granulated. Legs dark. 


O. validus transvaalicus Kraep.. 


Similar to fulvipes but hand smooth above and not flattened ; 
vesicle without granular rows inferiorly even in the male. 


Legs yellow . : . O. validus var. nov. laevis. 


Hand like that of nalines foes reniele wath well-developed 
granular rows inferiorly, tarsus IV with spines at the distal 


angles inferiorly. : , 5 . .  O.validus var. nov. swazianus. 
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ADDENDA. 


Since this paper was submitted for publication a large quantity of 


additional material has been received, including a number of hitherto 
undescribed varieties. It has, therefore, seemed desirable to include the 


descriptions of the latter with this paper, and I have also taken the oppor- 
tunity of citing the additional records for many other species. 

Many of the records are based on the scorpion collection of the 
McGregor Museum, Kimberley, kindly lent to me by Miss M. Wilman, 
the Curator of that institution; I have thus been able to examine much 


interesting material from South-West Africa and Bechuanaland. 


oe 
v 


pect ESSE Cee EEN 
ec Beste 


Text-Fic. 6.—Parabuthus granulatus strenuus var. nov., showing granulation of 
first two caudal segments superiorly. 


BUTHUS TRILINEATUS, Peters. 


N’jelele River and Lilliput Station, in the Zoutpansberg District 
(Transvaal Museum). 


The specimens are both immature. The pectinal teeth number 24, 


= 


26, and 23, 24. All the sternites, except the last, are quite smooth 
and devoid of granules at least mesially. On the last sternite the outer 
row of granules is abbreviated, arising anteriorly at a point in a line 
with the commencement of the inner pair, but extending backwards not 
half so far as the inner rows, which indeed reach the hind edge of the 


sternite. Thirteen well-developed granular rows on the movable digit, and, 
in addition, a very short apical row. 
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PARABUTHUS GRANULATUS, H. and E. 


The granulation of the shagreened areas of the first and second caudal 
segments is somewhat variable. It is specially well developed in a form 
which occurs at Worcester, Cape Province (G. B. Townshend), and which 
I now distinguish under the name of P. granulatus var. nov. strenwus 
(Text-fig. 6). The first and second caudal segments are not so deeply 
grooved along the median line superiorly as in the typical form, and the 
shagreened area of the second segment occupies a fairly deep independent 
stridulatory excavation rather than a portion of one continuous groove. In 
both of these segments, at the anterior edge of the shagreened area, the 
surface descends obliquely, but rather more abruptly than in the typical 
form. In the first segment the shagreened area is very wide in front, and 
at the sides includes some enlarged granules which may occur also in 
typical form, but in such case those granules are well separated from the 
shagreened area, being not far from the superior crests. The shagreened 
area extends posteriorly practically to the hind margin of the segment 
and broadens out near to that margin. In the second segment the 
shagreened area is about twice as long as wide. The type is a male, 
perhaps not quite adult, the total length being 94 mm., the length of the 
carapace 9°75. 

Further localities for the typical form of granulatus are: Williston 
(C. Hassard); Upington (Miss Lennox); Wesselton (Mr. Swanson) ; Van 
der Byl’s Kraal (Mr. Van der Byl); Keetmanshoop (E. Murray) ; Kaalk- 
fontein, South-West Africa (R. M. Truter). 


PARABUTHUS BREVIMANUS, Thor. 
Kuboos (Miss Tucker). 


PARABUTHUS LAEVIFRONS, Simon, var. nov. CONCOLOR 


This variety is based on a series of specimens in the Kimberley Museum 
from Keetmanshoop (HE. Murray). 

The males are practically identical with that from Aus, just described by 
me under the name of militwm; in all these males the frons is granulated,, 
but not coarsely so. 

The females have the frons quite smooth and shining, and the upper 
surfaces of the tail have also a polished appearance. The stridulatory areas 
on the tail are very similar to those of the male, and the ridges on the 
second caudal segment often extend quite half way across the area or even 
a little more; those ridges are, however, a little stronger and longer in 
the males. The female also has a very deep excavation at the base of the 
vesicle superiorly as in males. The superior crest of the fifth caudal 
segment anteriorly includes about five or six large granules, and the sides 
of this segment are closely but rather finely granular (they are smooth or 
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practically so in the female of militwm). The middle lateral crest of caudal 
‘segment IV is distinguishable, but very weak. The intercarinal surfaces on 
the sides and lower parts of the tail, except on the first segment inferiorly, . 
are finely granulated; in the female of militwm the intercarinal surfaces 
are practically smooth on the first three segments and only sparsely granu- 
lated on IV and V, the first segment also having a few granules on the sides. 

Hand of male much stouter than in the female. Vesicle and last two 
caudal segments yellow, like the rest of the body. 

Measurements of P. laevifrons concolor and female of laevifrons militum : 


Female of 


P. laevifrons concolor. laevifrons 
militum. 
Total length . : 2) Mor abe oy — 
Length of fifth caudal segment . MOS R75 8 
Length of movable finger . ; > MESi7 Ghee 7-2 
Breadth of hand ; - Mado) 3:6 3°4 
Breadth of brachium measured at 
base of anterior spine. . M29 F. 3-4 31 


PARABUTHUS LAEVIFRONS AUSTRALIS, Hewitt. 


Upington (Miss H. Lennox). 

In this specimen, an adult male, all the ridges on the stridulatory 
area of the second caudal segment are quite short, and that area is not 
narrowly channelled. The vesicle is not deeply excavated at the base,. 
and the fourth caudal segment is only very slightly narrower than the: 
first, although in the male of concolor the fourth caudal segment is more 
distinctly narrower than the first. The fifth caudal segment is coarsely 
granulated on the sides superiorly. The fingers are slightly bowed basally, . 
so that the cutting edges do not meet except near the tip; in the male of 
concolor the fingers meet along their whole length, being longer and straighter, 
and the hand not so much swollen as in australis. 

The middle and hinder portions of the superior keel of the fifth caudal 
segment are quite obsolete in females of concolor and of militwm; in the 
male of australis a few strongly developed granules representing that keel 
are present in the posterior half of the segment; in the male of militum 
some coarse granules occur there, but as they are not well separated from 
the granules of the sides of the segment, the posterior portion of the keel 
cannot be described as present. 

The three varieties of laevifrons here recognised are therefore mainly dis- 
tinguished as follows: australis, the primitive form, has the stridulatory areas . 
of the second caudal segment in both sexes devoid of well-developed ridges, | 
and the vesicle is not deeply excavated at the base superiorly in either sex ; 
concolor has the stridulatory areas of that segment in both sexes confined to. 
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a narrow channel which is crossed by a series of well-developed ridges, and 
the vesicle in both sexes is deeply excavated at the base superiorly: militum 
is intermediate, the male resembling concolor in its stridulatory arrangement 
and vesicle, whilst the female resembles australis. 


PARABUTHUS RAUDUS, Simon. 


The Kimberley Museum has an adult female of what seems to be this 
species labelled “‘ Salisbury (Mr. Hirschhorn).” 

The mesial portion of the last tergite is coarsely shagreened, but hardly 
so strongly so as on the first caudal segment. The intercarinal surfaces on 
the lateral and superior portions of the tail are all rather closely granulated, 
and the last sternite is also granulated throughout, though not closely so in 
the mesial region; carapace and tergites thickly granulated throughout. 
Fourth caudal segment very slightly narrower than the first. 


PARABUTHUS PLANICAUDA, Pocock. 

Craighead, Peddie District (B. Marais); Zuurberg Hotel, near the 
Waterfall (Dr. G. Rattray). 

The Zuurberg specimen is of unusual colour, the trunk and tail being 
dark brown throughout, the appendages and vesicle yellow. 


PARABUTHUS PLANICAUDA FRENCHI, Purcell. 


Ludlow (J. Behr); Steynsburg (C. 8. Grobbelaar); Aliwal North 
(Sr. Stephany). 


PaRABUTHUS CAPENSIS, H. and E. 


Ludlow (J. Behr) ; Williston (C. Hassard) ; Douglas (Dr. R. Broom). 


PARABUTHUS SCHLECHTERI, Purcell. 


Williston (C. Hassard); De Aar (Mr. Cowling); Van der Byl’s Kraal 
(Mr. Van der Byl). 


PARABUTHUS VILLOSUS, Peters. 


Aus (J. C. Knobel). 

In this specimen, a female, the fourth caudal segment is about as wide as 
he first, and such is the case also in a male from a locality east of Walfisch 
Bay. 
PARABUTHUS FLAVIDUS, Pocock. 

Tsessebe (E. C. Wilmot); Fourteen Streams (Mr. Glasson); Wirsing 
(Mr. Whiley) ; Pniel (Mr. Westphal) ; Barkly West (Mr. Furney). 

In this species a certian amount of variation is exhibited in the develop- 


‘ment of ridges on the stridulatory area of the first caudal segment, though 
-such variation probably does not occur amongst individuals taken in any one 
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docality. A large male from Tsessebe, characterised by incrassated hands 
and short digits, has but a weak development of ridges on the first caudal 
segment; detinite ridges are indeed absent in the first half of the stridulatory 
area and are quite short in the posterior half of the segment. An adult 
female from Pienaars River, with slender hands, long digits, and a large 
rounded lobe at the base of the pectines, has a much stronger development 
of ridges on the first caudal segment; distinct ridges occur over the whole 
Jength of the stridulatory area, some of the posterior ones extending across 
the entire width of the area. In a small male from Palapye Rd. those 
ridges are more strongly developed than in the Tsessebe specimen, but not 
so much so as in the example from Pienaar’s River. 


PARABUTHUS TRANSVAALICUS, Purcell. 


Lilliput Station, Zoutpansberg District (Transvaal Museum). 


UROPLECTES TRIANGULIFER TRISTIS, Thorell. 


Klipspruit, Utrecht District (J. Breijer). 

The specimens are nearly black throughout, but the fingers are pale. 
‘Tergites and carapace strongly granulated with no smooth areas. Basal 
pectinal tooth in female not enlarged. Lower surfaces and sides of all the 
caudal segments closely and rather coarsely granulated in the female, and 
the last sternite is also rather strongly granulated except anteriorly. The 
tail of the male is much less strongly granulated, the fifth segment being 
only sparsely granulated, the last sternite is free of granules, and the vesicle 
is not so strongly flattened ventrally as in the typical form of the species. 

Total length, M. 33, F. 36; length of tail, M. 188, F.19°6. This form 
is a very distinct one, quite different from that from the Eastern Transvaal 
that I have previously referred to tristis. 


UROPLECTES TRIANGULIFER, Thorell. 


Venterskroon (M. H. Viljoen); Craighead and Line Drift in the Peddie 
District (B. Marais) ; Aliwal North (Sr. Stephany) ; Maseru (J. Midgley). 
In the Venterskroon specimen, a female, the basal pectinal tooth is slightly 
enlarged. 

The Natal Museum has an adult female from Mfongosi, Zululand 
(W. E. Jones), which closely resembles olwaceus in colour. There is, how- 
ever, a fair-sized tubercle near the base of the movable finger, and the hand 
is stouter than that of the female of olivaceus. The basal pectinal tooth is 
‘very broad. In olivaceus it is enlarged, but is not so broad as in the present 
example. 

Two female examples from Bleskop, Rustenburg District, in the collection 
of the Transvaal Museum, seem to represent another distinct variety. The 
first caudal segment inferiorly is not granular, but coarsely punctured some- 
what as in flavoviridis ; all the succeeding caudal segments are granulated 
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inferiorly. The tergites, except the last one, have extensive smooth areas: 
on their anterior portions. Basal pectinal tooth not enlarged, though its. 
apex is broader and more rounded than in the adjacent teeth. The trunk is. 
dark brown without any pale markings on the tergites. This form 
resembles that described by me from Kimberley under the name of flavidus,. 
but is darker and the caudal segments less strongly granulated inferiorly.. 
The typical form of triangulifer, with enlarged basal pectinal tooth in the 
female, also occurs in the same district, having been taken recently at Town 
Kloof, Rustenburg (Transvaal Museum). 

The V-shaped markings on the tergites, which seem so characteristic in 
preserved specimens of the common form of the species, are scarcely notice- 
able in life, and are not found at all in the newly born young which are: 
coloured as follows: Tergites brown with a broad yellow mesial stripe ;. 
carapace pale brown with some variegations ; appendages and tail yellow,,. 
except the brachium, hand (but not the fingers), fifth caudal segment, and 
vesicle, which are dark brown. 


UROPLECTES LINEATUS, Koch. 

Papagaaiberg, near Stellenbosch (C. S. Grobbelaar); George (M. 
Wilman). 

The former is a strongly infuscated specimen with no continuous stripes 
on the abdomen, the stripes of each tergite being merely represented by pos- 
teriorly situated yellow blotches. The stripes became quite conspicuous. 
after immersion in spirits for several days. 


UROPLECTES CARINATUS MEDIOSTRIATUS, Kraepelin. 


Tiger Kloof, Vryburg District (Miss E. Friedlander); Town Kloof 
Rustenburg (Transvaal Museum). 


UROPLECTES FORMOSUS, Pocock. ; 
Shilowane, Zoutpansberg District (Dr. W. F. Purcell in ‘ Novitates. 
Zoologicae,’ x, p. 803); Fern Kloof, near Zuurberg Hotel (Dr. G. Rattray). 


UROPLECTES PLANIMANUS, Karsch. 


Hartley, Southern Rhodesia (Rhodesian Museum) ; Grootfontein, South- 
West African Protectorate (Mrs. G. A. Thompson) ; Lilliput, Zoutpansberg 
District (Transvaal Museum). 


UROPLECTES CHUBBI, Hirst. 


Shiloh, Southern Rhodesia (G. Arnold); N’jelele River, Zoutpansberg 
District (Transvaal Museum). 

The Shiloh specimens, an adult male and adult female, have the following’ 
characters: Seventeen pectinal teeth. Basal pectinal tooth of the female a 
trifle shorter than the rest, but not appreciably broader, or only slightly so. 
in its basal portion. Hands similar in the two sexes. Tail of male longer 


A Survey of the Scorpion Fauna of South Africa. 181 


‘and more slender than that of female. Only in the first caudal segment is 
there a granular superior keel, the last granule of which is a little enlarged, 
whilst in the second and third caudal segments this posterior granule is all 
that remains of the superior keel. In the fifth caudal segment the posterior 
mesial excavation of the upper surface for the reception of the vesicle is well 
defined and sharply marked off from the median depression anterior thereto, 
and this excavation is coarsely granulated in its basal portion. The tubercle 
‘at the base of the aculeus is blunt. 

The measurements of the male are: Total length, 37:5; length of 
tail 22, of first caudal segment 3, of second caudal segment 3°38, of third 
‘caudal segment 3°65, of fourth segment 3°9, of fifth segment 4°1; breadth 
of first segment 2°2, breadth of fifth segment 2°6; length of hand 6°5, length 
of movable finger 4-4, length of carapace measured along the midline 3:7. 

The female differs markedly from that of Fischeri, as represented in our 
collection by a specimen from Somaliland ; in the latter the tail is much more 
slender and more sparsely punctured, the posterior excavation of the fifth 
caudal segment superiorly is not sharply defined and not granulated, and the 
basal pectinal tooth is very broad. 


‘OPISTHOPHTHALMUS WAHLBERGI, Thorell. 
Salisbury (— Hirschorn). 


‘OPISTHOPHTHALMUS CARINATUS, Peters. 


Tigerkloof, near Vryburg (Miss E. Friedlander); Grootfontein, South- 
West African Protectorate (Mrs. G. A. Thompson); Williston (C. 
Hassard); Kaalkfontein, South-West Africa (R. M. Truter); Campbell 
(D. Drever) ; Orgers, Prieska District (J. R. Ball); Kuruman (— Price). 


‘OPISTHOPHTHALMUS OPINATUS, Sim. 


Keetmanshoop (E. Murray). 

The two male examples have each 26 pectinal teeth on each side, the 
scape of the pecten being broadly rounded or very obtusely angled at the 
base behind, though the portion devoid of teeth is presumably much less 
than in the female. Interocular area smooth, except anteriorly, where there 
are a few scattered granules. In the type male of scabrifrons the scape of the 
pectines is rectangular at the base behind. The shape and granulation of 
the hand is very similar in the two species. The male of opinatus is larger 
than that of scabrifrons, the carapace of the former being 14 mm. long. 


OPISTHOPHTHALMUS INTERCEDENS, KrpIn., Var. NOV. PLURIDENS. 


This form is represented by three specimens collected by Dr. R. Broom 
at Campbell, and at a locality between Campbell and Griquatown. The 
types of intercedens were young examples from Kubub, and when the 
characters of the typical form are better known, the distinctive features of 
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pluridens may not seem very great. The name applied to this new form is 
in allusion to the greater number of pectinal teeth—a character of somewhat 
doubtful importance ; a difference of more value is presented in the scape of 
the pecten, which, according to Kraepelin, is devoid of teeth along the hind 
border basally over a distance almost equal to half its length in the half- 
evrown female of intercedens, whereas in the adult female of pluridens teeth 
are absent only over the basal third of the length of the scape. Other 
differences are found in the spinulation of the tarsi. 

The characters of the adult male are as follows: Genital operculum 
considerably broader than long. Pectinal teeth 15, the scape being very 
obtusely angled at the base posteriorly. Tarsus IV with 3 spines on the 
outer lobe, and | or 0 on the outer side inferiorly, the superior lobe a little 
shorter than the lateral lobes. Tarsus III with 4 spines on the outer lobe, 
and 1 on the outer side inferiorly. Vesicle without granules inferiorly 
except a few near the base. Median groove of carapace very indistinctly 
forked. Interocular area for the most part quite smooth, but some scattered 
eranules occur in the neighbourhood of the lateral eyes and of the anterior 
margin. First 3 caudal segments devoid of infero-median keels. Caudal 
seoments ITT and IV with the terminal tooth of the superior crest enlarged 
and spiniform. All the sternites, and inferior surface of first 2 caudal 
segments, quite smooth and polished. Tergites very finely granulated 
throughout, becoming coarsely so on the sides of the last tergites. Inner 
portion of upper surface of hand moderately convex and nearly smooth, 
although throughout the area the much flattened tubercles are easily 
distinguishable on slight magnification. Finger-keel smooth and continuous 
for a considerable distance, but broken up in the basal half of the hand; 
secondary keels of inner surface obsolete. Length of hand-back considerably 
less than the breadth of the hand. Chelicera with 4 stridulatory lamelle. 

Total length 94, length of carapace 12:1, breadth of hand 9:2, length of 
hand-back 7°9, length of movable finger 12. 

A quite young male has 14 pectinal teeth. 

The adult female is similar in general characters. The hand is very 
broad, having a prominent inner basal lobe. Upper surface lightly convex, 
with very low flattened reticulations ; secondary keels quite absent. Tarsus 
IV with 3 or 4 spines on the outer lobe, but none on the outer side 
inferiorly. Superior lobe shorter than laterals. Tarsus III with 4 spines 
on the outer lobe and 1 on the outer side inferiorly. First 6 tergites quite 
smooth except near the lateral borders. Infero-median keels are absent on 
the second caudal segment, and only faintly indicated on the third, which 
inferiorly has no granules, or only very few. Fourth segment granulated 
inferiorly, the median keels being composed of rather small isolated granules 
and not well defined. Genital operculum much broader than long. Superior 
crests of caudal segments III and IV with subspiniform terminal teeth, and 
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that of IT is also enlarged. Vesicle without granules below, except just at 
the base. Pectinal teeth 15, the scape being devoid of teeth at the base 
posteriorly over a distance equal to about one-third of its length. 

Measurements.—Total length 94, length of carapace 15°8, breadth of 
hand 13, length of hand-back 9°8, length of movable finger 15:5, distance 
between median eyes and posterior margin of carapace 6. 

The male of O. carinatus differs from that just described especially in 
the rectangular base of the scape of the pecten posteriorly, and in the 
spinulation of the tarsi. The female of carinatus is at once distinguished 
therefrom in the shape of the genital operculum. 


OPISTHOPHTHALMUS PIcTUS, Kraepelin. 


Aliwal North (Sr. Stephany). 


OPISTHOPHTHALMUS NITIDICEPS, Pocock. 
Coerney (HE. Wilson); Melton, near Ft. Brown (A. M. Ebden). 


OPISTHOPHTHALMUS LATIMANUS PUGNAX, Thorell. 


Venterskroon (M. H. Viljoen); Leribe, Basutoland (Miss M. E.. 
Barrett). 


OPISTHOPHTHALMUS LATIMANUS TyPiIcus, C. L. Koch. 


Zuurberg (Dr. G. Rattray) ; Somerset East (E. Driver) ; Craighead and 
Lessendrum in Peddie District (B. Marais). 

The Kimberley Museum has specimens from Steynsburg (H. Hahn) which 
closely approach the variety austeroides. The last sternite of the male is not 
quite so smooth as in the type of that form. The upper surface of the hand 
is not sé flattened as in austeroides, and the 2 accessory keels are very 
indistinct. The length of the hand-back is only a mere trifle less than the: 
breadth of the hand. 


OPISTHOPHTHALMUS LATIMANUS NATALENSIS, Hewitt. 


The Natal Museum has an adult male and female from Mfongosi, 
Zululand (W. E. Jones), which seem to be referable to this form, though the 
hand of the male is not identical with that of the type from Estcourt. 
Stridulatory lamellae absent. Pectinal teeth, M. 138-15, F. 12. Tarsi III 
and IV with only 1 spine inferiorly on the anterior side apart from those on 
the lateral lobe. Hand of male with a well-marked finger-keel, which is 
smooth and continuous throughout. Inner portion of upper surface almost 
smooth, having no visible granules, and only slightly convex, the secondary 
keels indistinct. Movable finger elongated in comparison with breadth of 
hand. In the female the finger-keel, though interrupted in places, is not 
broken up into granules even towards the base of the hand. Infero-medial 
keels of caudal segment I in the male almost completely obscured on the 
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mesial side by granules, which, however, are comparatively few in number, 
but in segment IT those keels are quite distinct. The granules, ike those on 
the last sternite, are comparatively coarse, some of them on the mesial 
portion of the sternite uniting into irregular, more or less transverse plicae. 
In the female the infero-median keels of the first caudal segment are quite 
well marked though irregular and deeply pitted, the intervening space not 
being filled up with granules, only a few occurring there. The last sternite 
is coarsely corrugated. 

Measurements.—Total length, M. 95, F. 95; length of carapace, M. 13, 
F. 15:2; distance between median eyes and hind margin of carapace, 
M. 3°8, F. 4°25; length of movable finger, M. 16°5, F. 15:6; breadth of 


hand, M. 9-2, F. 12°6; length of hand-back, M. 7°5, F. 7:9; length of fifth 


-caudal segment, M. 12, F. 10:2; breadth of fifth caudal segment, M. 4:5, 


Hy 2: 

The hand is somewhat like that of keilandsi, but the granulation on the 
last sternite of the male from Mfongosi is considerably coarser than in the 
keilandsi male. These two forms approach glabrifrons in certain respects, 
but the very close granulation of the mesial portion of the first caudal 
segment inferiorly in both sexes, and of the last sternite in the male, will 
distinguish that species. Moreover, in typical examples of glabrifrons, 
from the Zoutpansberg District or from Mashonaland, the finger keel is 
much broken up. Fairly typical examples of natalensis have recently been 
taken at Weenen by Mr. J. M. K. Chadwick. 


.OPISTHOPHTHALMUS GLABRIFRONS, Ptrs. 


Barkly West (Furney). Stridulatory lamellae are present. Mochudi 
(Knobel). Stridulatory lamellae absent. | 


‘ OPISTHOPHTHALMUS GIGAS, Purcell. 


Kaalkfontein, South-West Africa (R. M. Truter). 
Female specimens reach a very large size, the carapace being 22°75 mm. 


long and the hand 15 mm. wide. 


- OPISTHACANTHUS CHRysopPUS, Ptrs. 


Rikatla, Portuguese East Africa (H. Junod); Niwanedli River, Zout- 
pansberg District (Transvaal Museum). 

This latter specimen, an adult male, resembles the form found at 
Serowe, having only 3:2 spines on the tarsi inferiorly. The carapace is 
less strongly granulated than in Zululand examples, though granules are 
well developed in the vicinity of the median sulcus. Pectinal teeth 7:8. 
Legs brown. 

Measurements.—Total length, 68; length of carapace, 9:3; length of 
hand, 14°3. 


This form I now designate as var. nov. pauci-spinulatus. 
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The Kimberley Museum has specimens of the same form from Du Toit’s 
Pan Mine (W. Needham) and De Beer’s Mine (Mr. Harrison). These 
specimens presumably were accidentally introduced to the Kimberley 


neighbourhood. 


OPISTHACANTHUS VALIDUS TyPIcus, Thorell. 
Mfongosi, Zululand (W. EH. Jones). 


OPISTHACANTHUS VALIDUS FULVIPES, Pocock. 


Mr. 8. Hirst, having examined the types of this form, informs me that 
the vesicle usually has only a single line of denticles on each side inferiorly. 
There is a fairly smooth keel on the inner side of the upper surface of the 
hand, but it is not very long. Specimens from Tayatazaneng in the British 
Museum collection seem to be referable to this form. 

Typical but unusually large specimens of fulvipes have recently been 
taken at Maseru (J. Midgley), and a somewhat aberrant specimen at Leribe 
(Miss M. E. Barrett). The latter, a large adult male, is noteworthy in the 
very weak granulation of the vesicle inferiorly. Moreover, the hand, though 
flattened, is less sculptured than usual, being practically smooth over the 
ereater portion of the upper surface except internally. It thus approaches 
the variety laevis. 

The sculpturing of the hand is rather a variable character in fulvipes. 
Specimens from Memel are so extensively sculptured that scarcely any 
smooth portion remains, but usually in this variety the middle portion of 
the upper surface of the hand is smooth. 

The measurements are taken from a female found at Maseru: Leneth 
of carapace, 10°5; length of movable finger, 9:4; breadth of hand, 78; 
length of hand-back, 10. 


OPISTHACANTHUS VALIDUS ALBANIcUS, Hewitt. 
Peddie (B. Marais). 


CHELOCTONUS CRASSIMANUS, Pocock. 
Craighead and Line Drift, in Peddie District (B. Marais). 


CHELOCTONUS JONESI, Pocock. 


Rikatla, P.E.A. (A. Junod). 

In a male example the fifth caudal segment is almost coarsely granulated 
on the sides, and there are distinct indications of a paired row of cranules 
on the vesicle inferiorly. In another male specimen there is no trace of 
granules on the vesicle inferiorly. 


HADOGENES TROGLODYTES DENTATUS, Hewitt. 


Two female examples from Magaliesberg, near Rustenburg, seem to be 
referable to this form. 
13 
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Anterior margin of carapace shallowly excavated. Superior crests of 
caudal segments IT and III with large subspiniform terminal teeth, and in 
the larger specimen a similar tooth, but not so strongly developed, occurs on 
seoment I. The superior crests of all the caudal segments except the first 
are denticulated. Vesicle quite devoid of granules. Pectinal teeth 16-17. 

This differs from matoppoanus in the large size of the terminal teeth of 
the superior crests of caudal segments IT and ITI, that of IT in the present 
form being larger than that of III, whilst in matoppoanus the terminal tooth 
of IT is not enlarged, being less than that of ITI, which is slightly enlarged. 
The female of gunningi is very like this form, and probably the two will 
eventually be found to merge. 

The female of dentatus is larger than that of gunningi. In specimens of 
equal size the superior caudal crests of dentatus are rather more strongly 
dentated or granulated than in gunningi. This is noticeable in the fifth 
caudal segment, which in the former is well denticulated, but in the latter 
is rough and granulated rather than denticulated. There is more or less 
distinct but weak crenulation on the superior crests of caudal segments I in 
dentatus, but not in gunningi. In specimens of equal size the tail is just a 
trifle longer in dentatus. 

Measurements of largest female: Total length 117; leneth of carapace 15, 
of hand-back 14°6; breadth of upper surface of hand 9:2; breadth of last 
sternite 12°5; leneth of last sternite 9; length of first caudal segment 7°75, 
of second 9:6, of third 9°6, of fourth 11-2, of fifth 11°35, of -vesicle 8°5; 
posterior height of first caudal segment 3-5; posterior breadth of same 3. 

This form can be regarded as a link between the Bechuanaland form of 
troglodytes and gunningi,and with propriety might be referred to either species. 


HADOGENES TROGLODYTES, Peters. 


Some particularly fine specimens of this species have recently been 
received by the Transvaal Museum from the Zoutpansberg District. Females 
from Blauwkop have 20°22 pectinal teeth. Two males from N’jelele River 
have 24-25 and 29°30 pectinal teeth. In females the superior crests of 
caudal segments IIT and III are distinctly denticulated, at any rate in the 
posterior three-fifths of their length, and in one specimen practically over 
the whole length. The terminal teeth are not subspiniform. In the larger 
male, which has most pectinal teeth, those crests are strongly denticulated, 
and the terminal teeth are enlarged and almost subspiniform. In the 
smaller male those crests are comparatively weakly denticulated. The 
vesicle is stout and deep with a short aculeus. 

This form closely resembles that found at Serowe, but the caudal 
segments of the adult male are not quite so slender and elongated as in that 


form. In the male the anterior margin of the carapace is faintly 
emareinate. 
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Measurements of the largest male*: Total length 210; length of 
carapace 20°4; breadth of same 20-4; length of last tergite 14°5 ; breadth 
of same, 14-4; length of first caudal segment 20, of second segment 25:2, 
of third segment 25:2, of fourth segment 26:5, of fifth segment 21°8, of 
vesicle. 10°5; posterior height of first caudal segment 5°25; breadth of 
same 3°75; depth of vesicle 4°6; total length of hand 37 ; length of movable 
finger 18°75 ; length of hand-back 21:5. 


HADOGENES TROGLODYTES MATOPPOANUS, Hwtt. 


Hill side, Bulawayo (A. Topp). 

Female with 16-18 pectinal teeth, male with 20-28. The adult male 
has a subspiniform terminal tooth to the superior crest of the third caudal 
segment. 


HADOGENES GRANULATUS, Purcell. 


Battlefields (Mr. Parkinson). A young male. 
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EXPLANATION OF PLATES. 
(All illustrations are natural size except where otherwise stated.) 


PLATE XIX. 


. Parabuthus villosus Peters.—Female from Narudas Siid in Great Namaqualand. 
. Parabuthus schlechteri Purcell.—Female from Great Karas Mountains in Great 


Namaqualand. 


. Parabuthus granulatus H. and EK.—Female from Victoria West. 


Male from North-West Gordonia. 
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. Parabuthus laevifrons militum var. nov.--Enlarged view of last tergite and 


superior surfaces of first two caudal segments in an adult male example 
from Aus. 


PLATE XX. 


. Uroplectes vittatus Thorell, from Serowe.—Photographed in liquid with the aid 


of colour screen and orthochromatic plate; slightly enlarged. 


. Uroplectes formosus spenceri Pocock.—Female example from Mqanduli; photo- 


graphed along with fig. 6. 


. Uroplectes triangulifer Thorell.—Female example from Keilands ; photographed 


along with fig. 6. 


. Uroplectes chubbi Hirst.—Female example from Tsessebe Siding ; photographed 


along with fig. 6. 


. Uroplectes formosus spencert Pocock.—Female from Pirie. 
. Uroplectes chubbi Hirst—Female from T'sessebe Siding. 
. Uroplectes lineatus Koch.—Male from Cape Town. 

. Uroplectes triangulifer Thorell— Male from Keilands. 


oe Fy a Female from Keilands. 


. Uroplectes vittatus Thorell.—Male from Serowe. 


Female from Serowe. 
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. Uroplectes planimanus Karsch.—Female from Serowe. 


PLATE XXI. 


. Uroplectes linéatus Koch.—Male from Cape Town. Photographed in liquid with 


the aid of colour screen and orthochromatic plate; slightly enlarged. 


. Uroplectes formosus Pocock.—Female from Natal. Photographed along with 


fig. 18. 


. Uroplectes carinatus mediostriatus Kraepelin.—Male from Kimberley. Photo- 


graphed along with fig. 18. 


. Uroplectes sp. probably marlothi Purcell.—Locality unknown. British Museum 


example. 
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27. 
. Hadogenes gunningi Purcell— Female from Pretoria. 

. Parabuthus capensis H. and E.—Portion of trunk and tail, somewhat enlarged. 

. Parabuthus transvaalicus Purcell.—Tail of a specimen from Serowe. 

. Parabuthus planicauda Pocock.—Tail of specimen from Dirkskraal, Somerset 
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. Karasbergia methuent Hewitt.— Type female from neighbourhood of Great Karas 


Mountains. 


. Pseudolychas ochraceus Hirst.—Female from Redhouse. 
. Uroplectes olivaceus Pocock.—Tail of female example from Newington, somewhat 


enlarged. 


. Uroplectes triangulifer flavidus Hewitt.—Tail of female example from Kimberley, 


somewhat enlarged. 


. Uroplectes formosus spencert Pocock.—Tail of female from Walmer, somewhat 


enlarged. 
Uroplectes vittatus Thorell.—Tail of female from Serowe, somewhat enlarged. 


East, sightly enlarged. 


. Parabuthus planicauda frenchi Purcell.—Tail of specimen from Klerksdale, near 


Middelburg, Cape Province, slightly enlarged. 


. Parabuthus triradulatus Hewitt.—Tail of specimen from locality north of the 


Zoutpansbergen, Transvaal, enlarged. 


. Hadogenes trichiurus caffer sabsp. nov.—Male example from Keilands. 
. Hadogenes trichiurus graciloides subsp. nov.—Male example from Cradock. 


PLATE XXII. 


. Opisthophthalmus pallidipes Koch.—Female example ; locality ?. 
. Opisthophthalmus latimanus typicus Koch.—Female example from Eastern Cape 


Province. 


. Opisthophthalmus wahlbergi Thorell—Female example from North-West 


Gordonia. 


. Opisthophthalmus peringueyi Purcell.—Male example from O’okiep. 


>) a s Female example from Steinkopf. 


PLATE XXIII. 


. Opisthophthalmus latimanus pugnax Thorell.—Male from Hornsnek. 
. Opisthophthalmus latimanus natalensis Hewitt.—Male from Estcourt. 


Female from Estcourt. 
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. Opisthophthalmus nitidiceps Pocock.—Female from Alicedale. 

. Opisthophthalmus latimanus pugnax Thorell.—Female from Rosslyn. 
. Opisthophthalmus pallidipes Koch.—Male from Steinkopf. 

. Opisthophthalmus granifrons Proc.—Male from O’okiep. 


PLATE XXIV. 


. Opisthophthalmus latimanus austeroides Hewitt.—Male from Klerksdale. 
. Opisthophthalmus latimanus keilandsi Hewitt.—Male from Keilands. 

. Opisthophthalmus austerus Karsch.—Male from Victoria West. 

. Opisthophthalmus latimanus typicus, Koch.—Male from Redhouse. 

. Opisthophthalmus austerus Karsch.—Female from Victoria West. 

. Opisthophthalmus latimanus keilandsi Hewitt.—Female from Keilands. 
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PLATE XXV. 


Opisthophthalmus longicauda Purcell. —Female from Zwaart Modder. 
Opisthophthalmus karrooensis Purcell.—Male from Victoria West. 
Opisthophthalmus crassimanus Purcell.—Female from Rooibank, Great Bushman- 
land. 
Opisthophthalmus carinatus Peters.—Male from North-West Gordonia. 
Opisthophthalmus karrooensis Purcell.—Female from Victoria West. 
Opisthophthalmus glabrifrons Peters.—Female from Newington. 
Opisthophthalmus chapert Simon.—Female ; locality ? 


PLATE XXVI. 


Opisthophthalmus glabrifrons Peters.—Male example from Newington. 
Opisthophthalmus capensis fuscipes Purcell.—Male from Tulbagh. 
Opisthophthalmus capensis Herbert.—Male from Cape Town. 

s a ~ Female from Cape Town. 
Opisthophthalmus capensis leipoldti Purcell.— Male from Clanwilliam. 


PLATE XXVII. 


Cheloctonus jonesi sculpturatus Hewitt.—From Groenkloof, Rustenburg: District. 

Cheloctonus anthracinus Pocock.—From Ntolas, near Cedarville. 

Cheloctonus intermedius Hewitt.—From Lydenburg District. 

Parabuthus flavidus Pocock.—Upper surface of first two caudal segments, 
enlarged ; specimen from Kimberley. 

Cheloctonus jonesi Pocock.—Female example from Newington. 

Cheloctonus crassimanus Pocock.—Female example from Kei Bridge. 

Opisthophthalmus pictus Kraepelin.—Male from Kimberley; ventral surface of 
trunk and tail somewhat enlarged. 

Opisthophthalmus nitidiceps Pocock.—Male from Dikkop Flats, near Grahams- 
town ; ventral surface of trunk and tail somewhat enlarged. 

Opisthophthalmus glabrifrons Peters.—Male from Newington ; ventral surface of 
trunk and tail somewhat enlarged. 

Opisthophthalmus latimanus pugnax Thorell—Male from Hornsnek; ventral 
surface of trunk and tail somewhat enlarged. 


PLATE XXVIII. 


Opisthacanthus asiaticus Keyserling.—Female from Alicedale. 
Opisthacanthus validus fulvipes Pocock.—Male from Burghersdorp. 
Opisthacanthus chrysopus Peters.—Male from Mseleni, Zululand. 
Opisthacanthus validus Thorell.—Female from Krantz Kloof, Natal. 
Opisthacanthus laevipes Pocock.—Hand of fig. 81. 

A re - Male from Barberton. 
Opisthacanthus capensis Thorell.—From Knysna. 


PLATE XXIX. 


Hadogenes troglodytes Peters.—Male from Serowe. 
» x - Female from Serowe. 
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PLATE XXX. 


Hadogenes gunning Purcell.—Male from Pretoria. 

Hadogenes gracilis Hewitt.—Tail of female from Zwartkoppies. Rustenburg 
District. 

Hadogenes gracilis Hewitt.—Male from Crocodile River. 


PLATE XXXI. 


Hadogenes bicolor Purcell (?).—Male from Doornkop, near Belfast. 
a e 3 Hand of fic. 88. 

Hadogenes trichiurus caffer Hewitt.—Female from Kei Bridge. 

Hadogenes granulatus Purcell.—Female from Tsessebe Siding. 


PLATE XXXII. 


Hadogenes gracilis namaquensis var. nov.—Male from O’okiep. 

Hadogenes trichiurus graciloides var. nov.—Tail of male from Cradock. 

Hadogenes trichiurus whitei Purcell.—Tail of male from Brakkloof. 

i - rsh 44 Tail of female from neighbourhood of 
Alicedale. 

Hadogenes trichiurus caffer var. nov.—Tail of male from Keilands. 

Hadogenes trichiurus graciloides var. nov.— Female from Cradock. 
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THE GRANITE AREA OF THE SCHAPENBERG, 
SOMERSET WEST. 


(From the Geological Department, South African College.) 
By A. R. E. Waker. 


(With Map; text-fig. 1.) 


1. IntTRODUCTION. 


The following paper is the outcome of work undertaken on the 
suggestion of Dr. Rogers, Acting Director of the Geological Survey of the 
Union of South Africa, who, at the time the subject was mooted, kindly 
lent me the specimens which he had previously collected in the area, 
together with thin sections he had had prepared of several of them, for 
purposes of description. I wish to record my indebtedness to him for his 
kindness. So far as I am aware, the first—and only—published description 
of the granite of this area is a short paragraph occurring on p. 42 of the 
first edition of Dr. Rogers’ “ Geology of Cape Colony.” * 

To avoid confusion, the name Schapenberg is assumed, in this paper, 
to denote the whole of the rudely dome-shaped mountainous area occurring 
immediately to the east of Somerset West and north of the main road 
to Caledon. 

. On this assumption it includes metamorphosed sediments of the 

Malmesbury Series as well as rocks of igneous origin. The metamorphosed 
sediments form the high ground along the north-eastern side, and, in part, 
on the west, whilst granite constitutes the remainder. The Schapenberg 
thus defined rises steeply on the west, south and east—less steeply on the 
north and north-east—to a height of about 800 ft. above sea-level. 

Streams rising in the central portion have eroded steep-sided ravines, 
thereby giving rise to mountainous spurs semi-detached from the central 
mass. On the south-western side there is the Water Kloof stream flowing 
in a south-westerly direction and dividing the two largest of such spurs. 
Another stream operating also in a south-westerly direction, and assisted 


* This paragraph has been retained in the second edition of “Geology of Cape 
Colony,” by Drs. A. W. Rogers and A. L. du Toit; see p. 32. 
14 
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by one flowing north-west to join the Lourens River, has served to isolate 
a large hill composed of rocks of the Malmesbury Series, from the granite 
of the main mass. This hill is in the farm Morgen Ster. 

Malmesbury Beds occupy the country immediately surrounding the 
Schapenberg. To the north-west of the latter area, and north of Somerset 
West, there is the eastern limit of the Kuils River granite, whilst to the 
east of the Schapenberg—and separated from it by only a narrow outcrop 
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of the Malmesbury Series—occurs the large granite mass extending from 
Sir Lowry’s Pass to the Stellenbosch Mountains. 


2. Tut MALMESBURY SERIES. 


Since the chief object of this paper is to describe the Schapenberg 
eranite and its modifications, mention must be made—in order the more 
fully to achieve that object—of the nature of the rocks into which it has 
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been intruded. Unfortunately exposures, in places where one would expect 
the rocks to be least affected by the intrusion of the granite mass, are 
comparatively rare, and, almost invariably, they are much weathered. These 
rocks form the gently sloping ground to the south-west of the Schapenberg, 
which, when soil-covered, is generally under cultivation ; uncultivated areas 
are, as a rule, found to be covered with gravel the fragments of which are 
dark brown, ferruginous grits.* 

Several pits have been dug in this deposit at various places alongside 
the main road to Caledon which show that it attains a thickness of several 
feet. Along the top side of this road, between Somerset West and Water 
Kloof, there are two or three exposures—much weathered—of Malmesbury 
beds in situ. The rocks have a light yellowish-brown colour, dip almost 
vertically, and strike N.N.W.-S.8.E. They appear to be fine-grained, 
argillaceous grits. 

Although rocks of this series form the north-eastern portion of the 
Schapenberg (comprising the farm Harmonie and small portions of Altona 
and Myrtle Grove), exposures of them in sitw are hard to find. Along the 
junction of this series with the granite in this locality, and particularly 
that portion of it which is in Morgen Ster, isolated blocks—most probably 
in situ—were found; some are of hard blue-grey grit, resembling hornfels ; 
others, presumably varieties richer in argillaceous material, are spotted and 
occasionally micaceous, and always much weathered ; whilst others again 
are highly tourmalinised. Veins composed of quartz and tourmaline—the 
two frequently occurring in parallel bands—traverse the beds in this 
locality. One specimen of a grit breccia was found lying loose on the 
surface. Fuller descriptions of such of these rocks as were suitably fresh 
for the preparation from them of thin sections, are given below. 

Mention has already been made of the hill in Morgen Ster, isolated from 
the granite mass. Here the beds are well exposed. The rocks appear to be 
extremely fine-grained, indurated grits. Towards the top of the hill they 
are very massive. Whereas the strike is very generally N.N.W.-S.8.E., the 
dip varies both in direction and amount. On the western side of the hill 
the beds appear to be almost vertical, whilst to the north and west they 
dip about 70° E.N.E. and W.8.W. respectively. Apparently the beds 
forming the hill are striking along an anticlinal axis of folding. On the 
eastern side of the hill, in the ravine, the junction with the granite occurs, 


* Several views are held as to the meaning of the term grit. Harker’s use of the 
term is for a sandstone in which the component grains are angular. Hatch and 
Rastall’s nomenclature is based on the size of the grains—irrespective of their shape ; 
they regard rocks in which the grains have diameters greater than 2°5 mm. as a grit. 
Geikie uses the term for a very coarse-grained sandstone ; Judd for a coarse-grained, 
felspathic sandstone, in which the component grains are angular. In this paper 
Harker’s use of the term has been adopted. 
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and the beds are, in part, spotted. Here the surface of the ground is 
covered with fragments of grit, spotted slate (much weathered) and granite, 
together with fragments of a quartz-tourmaline rock also from the granite 
area. 


Descriptions of Thin Sections of Rocks of this Series. 
141 W. Macro: A dark-coloured, banded rock, extremely fine-grained and 


containing numerous small white spots. 

Micro: The rock is composed entirely of angular quartz grains 
and brown tourmaline. The spots are small aggregates 
of quartz grains, devoid of tourmaline. 

1338 W. Macro: A dark blue-grey rock ; fine-grained and compact. 

Micro: In this section the rock is seen to be extremely fine- 
grained and spotted. The bulk of the rock is composed 
of angular quartz grains and biotite; a little tourma- 
line is present. Under the high power the spots are 
seen to be composed chiefly of muscovite; some of 
them, between crossed nicols, extinguish as one, others 
as two or more individuals. Enclosed in the muscovite 
are grains of a colourless mineral having both a lower 
refractive index and a lower bi-refringence than the 
mica; the bi-refringence seems too high for either 
quartz or cordierite. The grains are too small to allow 
for testing in convergent polarised hight. The mineral 
may be andalusite. 

It is significant that in both these rocks there is no trace left of original 
argillaceous matrix. It is presumed that the much-weathered, spotted 
varieties are modifications of the more highly argillaceous beds of the series. 


3. Tue GRANITE OF THE SCHAPENBERG. 


Extent of Outcrop and General Description. 

The granite not only constitutes, but is almost continually exposed over, 
the major portion of the Schapenberg ; it extends also into the lower lying 
and partly cultivated area to the south. Here it is largely covered with 
either soil or gravel and only isolated exposures serve to show its extension. 
One such exposure occurs about 150 yards above the Caledon Road as one 
approaches Water Kloof from Somerset West; a second occurs a little 
further on in the same direction, whilst at a point still further east, about 
three-quarters of a mile distant from where the Water Kloof stream crosses 
the road, the granite is exposed in the roadway. Just above the road at this 
place there are small quarries in the granite. All these are exposures of a 
medium-grained grey granite which is described in detail below. Further 
to the south, and just to the north of the railway line, there is a low, stony 
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kopje formed of an extreme modification of the granite. This exposure 
apparently marks the end of the southern extension of the granite outcrop. 
To the south lies a broad alluvial plain extendine to the sea (False Bay). 
Although no actual continuity can be traced between these various exposures, 
they have been regarded as portions of a continuous mass and mapped as 
such ; this is in accordance with the interpretation of the late Geological 
Commission of the Cape of Good Hope.* As a general rule the limit of the 
eranite can only be inferred from the presence of grit fragments on the 
surface. The greatest length of the outcrop is from north to south and is 
approximately 2 miles. The greatest breadth, from east to west, is about 
14 miles. 

Generally speaking, the granite forms very rugged country. At the 
surface, and frequently to a great depth below, the rock is much decomposed, 
so that it is a difficult matter to procure unweathered specimens. Essentially 
the rock is a grey, porphyritic granite, of which two distinct kinds occur 
which differ only in texture ; the one is medium-grained with phenocrysts of 
felspar and quartz; the other is fine-grained—microcrystalline—containing 
phenocrysts of quartz, felspar, and biotite, and should be regarded either as 
a quartz porphyry or, more correctly, granite-porphyry. Very commonly 
surfaces have a coarse, grit-like appearance and are frequently studded with 
the felspar and quartz phenocrysts. No regular disposition of the fine and 
medium-¢rained varieties with regard to the centre of the intrusion is 
apparent. Along portions of the margin—particularly on the north and 
north-east—the granite varies considerably both in texture and mineral 
composition. These variations are due in part to the contact with the sedi- 
mentary series, and in part to subsequent pneumatolytic action. Descrip- 
tions are given of these altered granites below. Veins of black tourmaline 
and veins consisting of parallel bands of quartz and tourmaline, traverse the 
eranite throughout a large part of the area; they generally strike from 
about 10° N. of E. to 10° S. of W. In addition to these quartz- 
tourmaline veins numerous roughly spherical, dark-coloured patches varying 
from 1 in. to 2 in. in diameter, and composed largely of black tourmaline, 
occur throughout the fine-grained granite porphyry. Shear planes are occa- 
sionally encountered running in the same direction as the quartz-tourmaline 
veins ; frequently—as, for example, on the summit of the spur to the east 
of Water Kloof ravine—the courses of these planes are marked by veins of 
milky quartz. In the locality cited above, on each side of the quartz veins 
is sheared granite traversed by numerous veinlets of milky quartz. The 
shearing has, apparently, only affected a narrow strip of granite. The 
erosion of Water Kloof most probably commenced along one of these planes. 
Three pits have been dug at intervals near tothe bed of the stream. From 


* Sheet 1, Cape Colony. 
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all of these sheared granite, resembling—on account of the complete pulveri- 
sation of the felspars—a metamorphosed sediment rather than a metamor- 
phosed igneous rock, has been thrown out. From the two upper ones fresh 
eranite showing no signs whatever, in the hand specimen, of mechanical 
deformation, has been thrown out in addition. 

Only one specimen of an inclusion of a fragment of the invaded series 
was found. This contains abundant, almost black mica, and is noticeably 
foliated. It resembles in general appearance many of such inclusions which 
occur so abundantly in the granite of the Cape Peninsula. 


Detailed Description of the Medium-grained Porphyritic Granite. 


Macroscopic Characters : 

Constituent Minerals: Greyish-white felspar and blue-grey quartz 
abundant ; somewhat bronzed biotite only sparingly present. 

Structure: Porphyritic; phenocrysts of greyish-white felspar (many 
showing Carlsbad twinning) and blue-grey quartz. About 250 
yards to the north of the quarries on the road to Caledon this 
character is accentuated by the felspars beige unusually large 
(some are 1? in. long and # in. broad), and having proved more 
resistant to the action of the weather than the groundmass. The 
surface is studded with them and also with large quartz pheno- 
crysts. 

Specific gravity: 2°63 (the average of several determinations). 

Microscopic Characters : 

The Felspar Phenocrysts : 
A microscopic examination of such portions of the phenocrysts as 
occur in the rock-sections confirmed the assumption—based on the 
initial inspection of the hand-specimens—that they were essentially 
composed of a felspar characterised by simple—Carlsbad—twin- 
ning. In addition, they are traversed by veinlets of a mineral 
which, though largely altered to a micaceous aggregate, shows 
obscure traces of lamellar twinning parallel to the 010 cleavage 
of the phenocrysts. The behaviour of some of the phenocrysts 
between crossed nicols led one to suspect the presence of a lamellar 
twin structure in them, and it was deemed necessary, for a com- 
plete specific determination of the mineral, to prepare specially 
thin sections from cleavage flakes. This was done. Sections 
prepared from basal cleavage flakes showed, between crossed 
nicols, a structure suggestive of anorthoclase; areas of fine 
lamellar twinning—“ cross-hatching””—pass without any sharp line 
of demarcation, into others free from twinning. 

The average of several determinations of the extinction of the 

homogeneous portions with regard to the 010 cleavage was 15° 


The 


The 
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that of several determinations of the sum of the extinction angles 
of two adjacent strize was 29°. Again, in sections prepared from 
010 cleavage flakes, the average of several readings of the extinc- 
tion angle with regard to the 001 cleavage was 5° 30”. 

A comparison of the above values with the corresponding 
values recorded for microcline induces me to regard these pheno- 
erysts as microchine perthitically intererown with albite. 

There are occcasional inclusions of quartz and decomposed 
albite. 

Quartz Phenocrysts : 

These show only a slight tendency to idiomorphism. Mineral 
inclusions are not common; occasionally biotite is included. Rows 
of extremely minute fluid and gaseous inclusions occur. The 
extinction is undulatory. 

Groundmass : 

This is composed chiefly of microcline and quartz; soda-lime 
felspar and, sparingly, biotite and muscovite, occur. The muscovite 
appears to be almost wholly a secondary mineral formed from the 
microcline. Microcline occurs in abundance and shows a tendency 
to idiomorphism. Occasionally the marginal portions of indi- 
viduals are an intererowth of microcline and muscovite. The 
quartz contains numerous minute inclusions and occasionally inclu- 
sions of apatite, zircon, and biotite. The extinction is undulatory. 
The biotite, which is much altered, occurs as small, irrecularly- 
shaped individuals. The soda-lime felspar is an acid variety— 
albite to albite oligoclase. The accessories apatite and zircon are 
only rarely met with. 

Mention must be made of a mineral which occurs both as a 
phenocryst and in the groundmass. It has a pale-green colour, a 
form similar to that of a felspar, possesses at least one good cleav- 
age, and is easily scratched with a knife-blade. In thin section ‘it is 
seen to bea much decomposed mineral ; the decomposition product 
is essentially an aggregate of minute flakes of muscovite. It con- 
tains in addition small needle-like crystals of a colourless mineral 
(sillimanite ?). Between crossed nicols faint zoning is to be 
observed in some individuals; others exhibit faint traces of lamellar 
twinning. A section parallel to the cleavage showed simple twin- 
ning combined with lamellar twinning. Fora lone time I was in 
doubt as to whether this mineral was pinite pseudomorphous after 
cordierite, or a much decomposed soda-lime felspar. Now, however, 
T incline to the latter view and rather regard it as a phenocryst 
which existed previous to the growth of the microcline pheno- 
crysts. 


200 Transactions of the Royal Society of South Africa. 


The Quartz- or Granite Porphyry. 


The fine-grained granite porphyry does not differ in mineral composition 
from the medium-grained porphyritic granite. The chief differences are, 
firstly, that biotite occurs as an additional phenocryst; secondly, that the 
groundmass is microcrystalline ; and, thirdly, that the granite porphyry is 
characterised by containing, throughout a large portion of its mass, the 
rudely spherical tourmalinised patches previously mentioned. The quartz 
phenocrysts show a distinct tendency to idiomorphism; the boundaries of 
individuals, however, are not straight linear ones, but irregular, indicating 
corrosion by the groundmass. Penetration of the groundmass along cracks 
is also shown. Mineral inclusions are not common; occasionally one finds 
biotite. Rows of extremely minute fluid and gaseous inclusions occur. The 
extinction 1s undulatory. In the majority of cases the mica phenocrysts 
have become almost opaque through decomposition; in some cases the 
opacity is almost certainly due to the inclusion of rutile needles and the sub- 
sequent formation of material resembling leucoxene. One supposed pheno- 
eryst, when examined in thin section, proved to be an aggregate of biotite 
and quartz. Apatite is occasionally found included in the biotite; zircon 
was not identified. 


4. Tor MopIFricaTIONs OF THE GRANITE. 


(1) The Tourmalinised Patches.—These occur not only in the normal 
eranite porphyry, but occur alsoin some of the other modifications described 
below. Microscopic examination shows that, whilst some are composed of 
quartz, tourmaline, felspar (much decomposed ; generally microcline) and 
muscovite, in others the felspar is either residual or has entirely disappeared ; 
some, again, contain only quartz and tourmaline. 

(2) The Andalusite-bearing Varieties—The varieties described hereunder 
are exposed along the contact zone on the sides of the ravinein Morgen Ster 
—particularly that portion which has a N.W.-S.E. trend. They are charac- 
terised by containing spherical tourmalinised patches similar to those 
described as occurring in the granite porphyry. One common variety is a 
rock resembling the latter in texture but differing from it in containing 
muscovite and andalusite. Varieties occur—according as the proportion of 
muscovite increases (both the felspar and the andalusite become converted 
into muscovite) and that of the felspar decreases, between this and one 
composed of quartz and muscovite and, in patches, tourmaline. To the last- 
named variety the term greissen could well be applied. 

Mention must be made here of a specimen (labelled 73, 8S. end of Har- 
monie) collected by Dr. Rogers. The bulk of it is composed of a lavender- 
grey mineral with a prismatic habit and a fairly good cleavage. Muscovite 
and patches of black tourmaline (enclosing prisms of the grey material) also 
occur. Under the microscope the lavender-grey mineral is seen to be anda- 
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lusite ; it is markedly idiomorphic. The tourmaline and the mica occur 
interstitially—enclosing the prisms of andalusite ina similar manner to that 
in which augite encloses the felspar in ophitic structure. The andalusite is 
quite fresh and shows its characteristic pleochroism—in some cases in 
irregular patches ; in others zonally. No quartz was present in the section 
examined. 

(3) Greissen.—The rocks which are here styled greissen occur along the 
north-eastern margin and at the extreme south of the granite area. They 
consist essentially of quartz and muscovite ; some contain a little much 
decomposed felspar. All are characterised in the field by their platy structure. 
The bands vary in width from one, to two or three feet. They are either 
steeply inclined or vertical, and strike H.N.E.-_W.S.W.—that is, in the same 
general direction as the quartz-tourmaline veins and the shear planes which 
traverse the area. 

One specimen was obtained composed—except for just a little tourmaline 
in one portion—of hght blue-grey quartz. On account of its fine, even- 
grained texture it has the appearance of a quartzite. Inset, however, are 
larger individuals of somewhat darker blue-grey quartz resembling the quartz 
phenocrysts of the granite porphyry. Since the specimen was obtained from 
a small vein-like outcrop—very probably a platy band—the rock might be 
regarded as belonging to this series. 

Quartz-mica rocks, similar to those above described, have been recorded 
—(1) by Mr. A. Harker,* from Grainsgill, in the Carrock Fell district, 
Cumberland ; and (2) from the granite area of Foxdale, I. of Man, by Mr. 
W. C. Simmons. t 

Mr. Harker, in his description of the Grainsgill greissen, expresses the 
view that the mica is original.{ Discussing its mode of origin he writes :§ 
“Regarding it as a modification of the granite, we see that, apart from 
subsequent chemical transformations, it must be due in the first place to 
some process of differentiation. . . . The cause of this differentiation 
was probably that advocated by Mr. Barrow in the case of his pegmatites, 
namely, mechanical force acting on the granite magma when crystallisation 
had already proceeded to acertain stage.”” The same author refers to the 
granite of Foxdale, I. of Man, as follows:|| ‘This rock, already intruded 
among Skiddaw slates . . . consists of quartz, microcline, an acid 
plagioclase, muscovite, subordinate biotite, and little crystals of garnet and 
zircon. In the marginal part of the intrusion are developed bands and 
masses of pegmatite, thick veins and bands of greissen, and finally quartz- 
veins containing only local aggregations of white mica or bordered by a 
narrow seam rich in that mineral.” 

* «Quart. Journ. Geol. Soc.,’ vol. li, No. 202, p. 139. 


t ‘Geol. Mag., No. 566, August, 1911. 
L£ Loe. cit., p. 141, § Loc. cit., p. 144, | Loc. cit., p. 143. 
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The above description of the Foxdale granite would serve also as a general 
description of the granites occurring to the east and west of the Schapenberg. 
It would appear that the view—quoted above—as to the possible cause 
of the modification which gave rise to the Grainsgill greissen 1s applicable 
to these rocks of the Schapenberg area. In support of which view I would 
emphasize the following comparisons :— 
(1) Both are most probably correctly considered to be apophyses of 
a fairly acid type of biotite granite. The trend of the tongue- 
like, eastern extension of the Kuil’s River granite, and the 
coincident direction of the axis of the folding observed in the 
Malmesbury Series to the west of the Schapenberg are, I believe, 
facts in support of this view with regard to the latter area. 
(2) In the case of the Grainseill greissen, magmatic differentiation 
and mechanical force are considered to be controlling factors. 
Evidence is not lacking that such have been effective in the 
Schapenberg area; the existence of shear planes and the 
increasing acidity of the various rock-types described being 
considered as such. 


5. ConcLusIons. 


(1) The granite intrusion of the Schapenberg is a composite one. 
(2) That there were three well-defined periods at which intrusion of 
magma took place. 
(3) That these periods of intrusion are represented, respectively, by the 
different rock types described. 
(4) That the order of intrusion was as follows :— 
(a) Medium-erained porphyritic granite. 
(b) Fine-grained granite—or quartz-porphyry ; andalusite—bear- 
ing near its contact with the beds of the Malmesbury Series. 
It is questionable whether pneumatolytic action commenced 
to be effective during this period. 
(c) The greissen. This period was in all probability one of 
ereat mechanical disturbance affecting the whole area. 
Intrusion took place along shear planes. Pneumatolytic 
action became effective throughout the whole area—along 
the shear planes in the porphyritic granite, giving rise 
to the quartz-tourmaline veins; along shear planes and 
throughout the quartz—or granite-porphyry—during this 
period. | 
The veins of white quartz, also occurring along shear planes, may be 
similar to those described by Mr. Simmons in his paper on the granite 
mass of Foxdale.* They were probably the last rocks to be formed in the 


Schapenberg area, 
* Loc. cit, 
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RADIAL LINES IN RONTGEN INTERFERENCE PATTERNS. 
By J. STEPH. VAN DER LINGEN. 


At the ‘Naturforschersammlung, 1918, W. Friedrich described the 
appearance of radial lines in the interference patterns of common salt and 
sylvine.*) 

These radial lines he attributes to the two dimensional grating effect of 
the three dimensional grating of the crystal, and the points to the three 
dimension grating effect of the same space-lattice. 

M. von Laue and the author pointed out that the “point pattern” 1s 
determined by the three constants of the grating, and that if one of these 
constants vanish or become small in comparison to the remaining two then 
the grating is principally a two dimensional one which will produce radial 
interference lines.t) 

This view is supported by experiments on magnesium-hydroxide. 

This substance shows the usual point pattern, but after the water 
molecules are expelled by long-continued heating, then it becomes brittle 
and only produces radial lines in the pattern. 

Biotite produces the usual pattern, but after treatment with acids— 
“ Baurit aus Biotit ”—shows no pattern whatsoever in spite of the fact that 
it still appears—macroscopically—to be crystalline. f) | 

Microcrystalline substances generally show radial lines and some small 
points. The latter are probably due to “regular units” in the crystal. 

If a crystal is built up of elementary units which are arranged in all 
possible directions, then even if each unit be a miniature crystal, these will 
not produce an “interference pattern” but a high dispersion. 

Crystals from sublimated iodine show both radial lines and “ shaded” 
points on the pattern. This seems to indicate that the third elastic constant 
is almost a negligible quantity. 

A crystal of iodine—cut at Gottingen—only showed a large number of 
small points but no radial lines after the same exposure as the former 
crystal. 

* W. Friedrich, ‘ Phys. Z. S.,’ 14, 1079, 1913. 


+ M. v. Laue and J. Steph. v. d. Lingen, ‘ Naturwissenschaften, 13, 328, 1914, 
{ “Baurit aus Biotit,” prepared by Prof. Rinne, Leipzig. 
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These results seem to indicate that there is a marked difference between 


the elastic constants of the two crystals. 
The analysis of these radial lines is of great importance in determining 


the mechanical properties not only of crystals but also of raw materials for 
engineering. 
X Ray Laporatory, 


S.A. CoLLEaGE ; 
August 14th, 1916. 
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NOTE ON PROTECTIVE RESEMBLANCE, ETC., IN POST- 
LARVAL STAGES OF SOME CAPE FISHES. 


By J. D. F. Giucurist, M.A., D.Sc., Ph.D. 


The eggs and larvae of about thirty species of Cape sea fishes are now 
known, and several eggs and larvae have been described the origin of which 
are at present doubtful. A few post-larval stages are known, and some of 
them exhibit interesting characteristics in the form of adaptation, apparently 
to tide over the dangerous stage between the larval and the adult life. 
These have been noted in the case of the stock-fish, the leer-fish and others, 
but the most striking case of obvious adaptation has been found in those of 
the needle-fish (Hemirhamphus calabaricus). This fish is one of those which 
may be designated the warm-water fishes of the Cape, which are found 
chiefly in the warm waters of the east coast and extend round on the south 
coast to about Cape Agulhas. Beyond this point, to the west, it is scarce, 
and has not yet been recorded from the west coast. It appears to frequent 
the shallow lagoons and tidal rivers, and is often found there in such 
abundance that it is of some commercial value. The eggs and larval stages 
of the fish are not known, but the post-larval stages prove to be abundant 
in the shallow waters at some localities, and can readily be observed when 
their peculiar habits are known. These young forms, though small (about 
an inch in length), are yet so far advanced as to leave no doubt but that 
they are the young of the needle-fish. 

On a recent occasion, while procuring the eggs and young of fish in 
the lagoon at Knysna, Mr. Henkel, Conservator of Forests, drew my 
attention to the peculiar behaviour of certain small fish-lke animals in 
the water. They could only be detected if approached cautiously or by 
remaining perfectly still for some considerable time. They were then seen 
very plainly as small fish swimming about actively in groups of a dozen 
or more. The lagoon, or harbour, at Knysna is a large area of water 
extending inland from the sea for several miles. On the mud-flats and 
banks of this lagoon are extensive areas on which a dense growth of a weed 
(Zostera?) occurs. During the summer months fragments of this weed are 
very abundant in the river, so abundant that, in tow-netting for fish eggs, 
the net was invariably clogged with it in a short time, and fragments, 
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of various lengths, of the weed could usually be seen floating in the water. 
The explanation of the unexpected appearance of the young fish was soon 
discovered on closer examination, when, what appeared to be such fragments 
of weed, suddenly seemed to come to life one after the other, till a number 
_of them resolved themselves into a small swarm of young fish, which swam 
about actively, and were very,obvious, even to a casual observer. 

The reversal of the process could be very easily observed, for if any 
sudden movement was made, and more especially, if the hand-net was 
passed over the water, the small fish at once became rigid and floated about 
in any position, apparently in a quite helpless inanimate condition. They 
then so closely resembled fragments of weed, which also floated about, that 
they could with difficulty be distinguished from them, even by an observer 
of the transformation. This similarity was increased by the characteristic 
colour of these small fish, which was a dark green, very similar to that 
of most of the fragments of the weed. The weed, when floating, usually 
retains its original green colour, more or less, and when this becomes lost 
it sinks to the bottom. 

The fish, when they have assumed the rigid condition, are not easily 
roused from it, and can readily be caught by means of a hand-net when in 
this state. 

There can be little doubt but that this is a case of protective resem- 
blance, by means of which the fish escapes the observation of its enemies. 
At this stage it is apparently more a surface-feeder, and, being a slow 
swimmer, 1s exposed to the attacks of the numerous fish and birds which 
procure their food at or near the surface of the water. Later on it frequents 
the deeper water, though still a surface-feeder, and is able to escape its 
enemies by its increased power of swimming. It loses much of its 
characteristic green colour and probably its habit of feigning death. 

Another example of the way in which young fish may be protected is of 
quite a different nature, and shows not only a superficial but a structural 
modification not found in the adult stage. This occurs in the “ klip-fishes,” 
which are so abundantly represented in the Cape seas, and which, in the 
adult stage, show some remarkable adaptation to their surroundings. 

The young klipfish are born alive, and are at this time of a clear, glassy 
transparency. They are at once able to swim about actively in the water, 
and, unlike their parents, do not remain amongst the rocks and weeds at the 
bottom of the sea, but swim up easily and at once towards the surface of 
the water; there they remain, near, or at some little distance from the 
surface, without any special effort. Adult klipfish are unable to remain 
floating in the water for any considerable time, and when they cease active 
swimming movements they sink rapidly to the bottom, the reason being that 
there is no air-bladder, such as we have in most of the fishes, to act as a 
float. In the young, however, there is a large and well-developed air-bladder, 
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by means of which they can remain swimming about slowly or rapidly, or 
even remain perfectly still im mid-water, where they procure their food. 
They are difficult to see, even in a tank in the aquarium, on account of their 
transparency. They are, however, not quite transparent, as there are a 
number of very distinct but small black dots on the body over the brain and 
at the bases of the vertical fins. The significance of these black dots may 
probably be to further disguise the fish, as the outline of the moving body 
is thereby broken, attention being drawn to the specks. 

The leerfish (Lichia amia) is well protected in its adult stage. It has 
strong and sharp teeth, by means of which it can cause great damage amongst 
other fish, such as mullet, on which it lives. It is of a more or less uniform 
colour, without any apparent modification for concealment. The young, 
however, have a well-marked colour pattern, so distinct from the adult 
condition that they have been described under a different name (Porthmeus 
argenteus). Various stages of these fish from an inch or two in length to 
about 8 inches show the gradual transition to the adult form. The colour 
pattern in the young is irregular but well marked, and consists of dark 
patches and streaks on the body, which is of a greenish colour, the extrem1- 
ties of the dorsal and anal fin being brilliant orange. It cannot very well 
be regarded as a striking case of protective resemblance, though doubtless 
it serves to render the body less conspicuous in the shallow and confined 
waters in which these young stages are found. 

The transformation in the colour markings of Lichia amia are well known, 
and are readily observed in the nettings for fish in estuarine rivers in South 
Africa. Another instance of such a change is not so well known. It was 
recently found in the case of a dogfish (Acanthias, sp.n.?). In the adult 
there is a series of relatively small white spots along each side of the body, 
but in the young the colour pattern is entirely different. There is a broad 
band of white colour running along each side of the body. It is not exactly 
similar in all specimens, and is interrupted at irregular intervals. Isolated 
white spots occur on the head and above the gill openings ; there is a pair in 
front of the first dorsal and another in front of the second. These pairs are 
constant. The margins of all the fins, including the upper and under side 
of the caudal fin, are also marked out in conspicuous white patches. There 
is no doubt that these are the young of the dogfish referred to, as they have 
frequently been found in the oviduct of this fish. 

The young of the stockfish (Merluccius capensis) has also a well-marked 
colour pattern, absent in the adult. 

Other means besides that of resemblance to surroundings are found 
amongst post-larval stages of fishes for their effective protection. Thus the 
post-larval snoek (so well armed, in its adult stage, by its formidable teeth) 
is protected by well-developed serrated spines on the fins and large spines 
on the head. 


208 Transactions of the Royal Society of South Africa. 


So marked are some of the modifications for the protection of the post- 
larval stages of fishes that one may well be led to believe that this is the 
stage that requires special protection. Out of the millions of young which 
a single pair of fish produce in their life-time, it only requires two to repro- 
duce the species in order to maintain it at its normal quantity, and it is 
sometimes believed that the necessary elimination of the surplus takes place 
in the larval stages ; but it is not impossible that the most critical period in 
the life of a fish is the post-larval, and this, as is evident, has an important 
practical bearing on the question of artificial propagation. 


Tratis. Roy. Soc. 8. Afr. Vol. VI. Plate XX XIII. 
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INTRODUCTION. 


Polysaccum crassipes is so common in Eucalyptus plantations around 
Pretoria that it appeared interesting to determine in what relation it stood 
to the Eucalyptus. 

The investigation was begun at the Botanical Laboratories, Pretoria, and 
subsequently concluded at the Natal Herbarium, Durban. Figs. 9 and 11 
are from paintings by Miss K. A. Lansdell, of this Department. 


MorpHouoey. 


The plant (Frontispiece and Figs. 1-4) usually shows as an irregular 
globose peridium situated on a more or less stem-like base varying consider- 
ably in size, and from which pass into the soil the yellow rhizomorphic 
strands of the fungus. The peridium varies in colour and frequently shows 
yellow ochre, grey with Vandyke brown markings, and in small low plants 
often chrome yellow in the region next to the soil. Older specimens are usually 
Vandyke brown right through. The peridium breaks through the soil, and 
stones, which must be of appreciable weight to the fungus, are comparatively 
easily displaced. In how far light influences the development of colour was 
not determined, though, as mentioned above, older specimens are usually 
brown throughout, whereas the younger, or in parts next the soil, show other 
shades. The peridia vary considerably in both shape and size, are frequently 

15 
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rather fantastically shaped (Fig. 4), and the larger specimens . (Frontis- 
piece measure 6 in. or more across. 

Cutting through a young specimen longitudinally (Fig. 3), the peridium 
is seen to be composed of a number of peridiola (hence the name, from 
Greek polus, many, and saccus, a bag), and the following regions are 
distinguished : 

The young peridiola are a yellow ochre to grey chrome, and pass into 
Vandyke brown, which in the ripe peridiola becomes a raw umber separated 
by Vandyke brown walls. The peridiola are polyhedral, frequently elongated 
lengthwise, 4-6 x 2 mm., or 3 mm. across. They contain the basidia 
(Fig. 5), situated directly on mycelial cells and not forming hymenial layers. 
These basidia are pear-shaped (Fig. 6), and bear 2—6 spherical warty spores 
measuring 7°36-8°28 » across. The peridiola ripen basipetally, the peridium 
splits irregularly, and on shaking the spores fall out as a dark powder. 

The fungal threads (Fig. 7) forming the walls of the peridiola are inter- 
twined, and the walls 62°5-150 » thick, chrome yellow or Vandyke brown. In 
small specimens the stalk may only be represented by a sterile Vandyke 
brown region with yellowish cavities at the base of the peridium, but it may 
attain dimensions 6-17 cm. long x 5-10 cm. across. In fresh specimens the 
interior of the stalk is indiarubbery in consistency, but old stalks left 
standing in the field become extremely hard and woody. The interior varies 
in colour from yellow to a yellowish-brown, and whereas the part above the 
soil is externally a dark brown, that below is usually yellowish. The 
yellowish cavities mentioned above are sterile peridiola (Fig. 8), and appear 
also along the peridial wall, which they serve to strengthen. The rhizo- 
morphic threads are 5-3 mm. (seldom 1 cm.) across; the ends are thinner, 
ramify through the soil, and intertwine themselves between the soil particles 
much as root hairs do. The thicker strands are frequently flattened in 
contact with hard pieces of soil, and from them pass the thinner strands 
referred to. These rhizomorphic threads become adherent to old vegetable 
débris, are abundant to a depth of 1-2 in. below the soil, and even occur as 
far as 3 in. down. The thicker strands are of yellow ochre, but the thinner 
ramifications more of a dark brown. 

A section through one of the thicker shows one or more aggregations of 
a few thick-walled cells, which evidently serve the purpose of conduction. 


RELATION OF THE FuNnGUS TO THE EUCALYPTUS. 


The fungus forms chrome yellowish masses (Figs. 9-11) over the thicker 
roots of the trees, and the thinner are at times covered in places by a coating 
of the fungus, from which pass the threads already referred to. Again, the 
threads running over the surface of roots become in places attached. 

A section through a root shows the yellowish fungus threads between the 
cork cells. These mycelial cells are frequently only 435 p across, and later 
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form between the cells a mass of pseudo-parenchymatous tissue (Fig. 12), 
composed of branched, septate and intertwined hyphae, 1:45-3°6 » in 
diameter. 

The fungus, which has not been observed to penetrate the cells or to get 
into the wood, causes no destruction to the cells of the root, which latter 
remain alive and healthy. Its action is evidently not parasitic. | 

It is interesting in this connection to note that Bruns,* in a work not at 
my disposal, found Polysaccwm forming coatings on the roots of pines, and 
the action was not one of parasitism. 

Woronin,f carrying out investigations on certain trees and edible fungi 
in Finland in the summer of 1883, noticed that the roots of many plants 
were enclosed in thick mycelia. This condition he found in Salix spp., 
Populus tremula, Corylus avellana, Betulina alba, and also in grasses. The 
encircling of the roots he regards as a special form of parasitism, and the 
mycelia as belonging to Boletv. 

On reading through the works of Frank { on symbiosis it is very 
suggestive that the case before us agrees well with what is regarded by 
him as symbiotic relationship between fungus and higher plant. MKamienski 
(1882) called attention to this relationship. He studied Monotropa hypo- 
pitys, Fagus sylvatica, and the Coniferae. Three years later (1885) Frank, 
following up some previous work of Rees § (1880) on Hlaphomyces, directed 
his attention primarily to the question as to whether Truffles form a 
symbiotic relation with the roots of higher plants. 

In this work he makes, perhaps owing to an oversight, no mention of 
the previous work of Kamienski, as is pointed out by Woronin (1885) in 
his work already cited. In 1887 Frank || distinguishes clearly between 
ectolrophic and endotrophic mycorhiza, and 1888 discusses fully the physio- 
logical importance of mycorhiza. The general conclusions he arrives at are : 
(1) The mycorhiza fungi do not obtain their essentials from the living plant, 
but from the contents of the soil, and it is especially on the presence of 
humus that the fungus and mycorhiza developing from it depends. (2) The 
mycorhiza function for the plant for several seasons as au organ of humus 
assimilation, which substances as such are not directly available to the 
roots themselves. (38) The mycorhiza function as root hairs. 

* Bruns, “ Beitrag zur Kenntniss der Gattung Polysaccum-Flora 78,” 67 (1894). 

+ Woronin, M., ‘‘ Ueber die Pilwurzel (Mycorhiza) van BL. Frank,” Ber.d. Deut. 
Bot. Ges.,” vol. 111, p. 205. 

{ Frank, b., “ Ueber die auf Wurzelsymbiose beruhende Ernahrung gewisser 
Baume durch unter-irdische Pilze,’ Ber. d. Deut. Bot. Ges., vol. iii, p. 128. 

§ Rees, M., “ Ueber Elaphomyces und sonstige Wurzelpilze,’ Ber. d. Deut. Bot. 
Ges. vol. iii, p. 298. 

|| Frank, L., (1887) “Ueber neue Mycorhiza-Formem.,” Ber. d. Deut. Lot. Ges., 


vol. iv, p. 395 (1888) “Ueber die physiologische-Bedeutung,” Ber. d. Deut. Bot. 
Ges., vol. vi, p. 248. 
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It is in old plantations with fair accumulations of humus that this 
fungus occurs, and from the mycelial masses on and around roots pass 
thinner rhizomorphic strands, which, much after the nature of root hairs, 
become agglutinated to soil particles. This, combined with the fact that the 
roots suffer no injury and the presence of the fungus between the host cells, 
as reported in other cases of similar nature, is very suggestive of a mutual 
symbiotic relationship between Polysaccum and the Hucalypti. The presence 
of rhizomorphic threads intertwining between the feeding roots of the tree, 
and often connected with decaying plant remains, is also very suggestive. 

The presence of a symbiotic relationship can only be definitely estab- 
lished by properly controlled experiments with the fungus and its host 
along the lines indicated by Frank. It is hoped later to organise a set of 
experiments along these lines, and thus get more light on the subject. 

Thisleton Dyer,* in a note on the discovery of Mycorhiza, traces briefly 
the earlier literature on the subject, which, as he remarks, is a good illustra- 
tion of how accurate observations of even insignificant facts may bring one 
face to face with important and unexpected results. Lees (1841), Rylands 
(1842), Schleiden (1842), have all observed fungi in the roots of higher 
plants (mostly Neottia nidus avis, Rich, and Monotropa hypopitys), but the 
time was not yct ripe for a full appreciation of these facts, which required a 
knowledge of the theory of symbiosis. Lees and Newman, even at this 
early date, suggested that the “byssoid” fungus was essential to the 
economy of Monotropa. 


CoLouR IN THE FunNauUs. 

It was early observed that water extracted from the fungus a brown 
colouring matter, and though this was not particularly studied, the following 
points were incidentally noticed : 

The brown colouring matter, in addition to water, is also soluble in 
alcohol, methyl alcohol, and glycerin, but not in xylol, turpentine, ether, 
or chloroform. . 

An aqueous solution is bleached by hydrogen peroxide, bleaching powder, 
and bromine water, and the colour is not restored by the subsequent addition 
of formalin. With acetic acid the solution becomes lighter in colour and 
darkens again on the subsequent addition of ammonia. Hydrochloric, 
phosphoric, nitric, tartaric, and oxalic acids give gelatinous brown preci- 
pitates, soluble in ammonia to a dark brown solution. The filtrates from 
the above precipitates are either colourless or yellowish. 

Basic lead acetate, potassium permanganate, silver nitrate, ferric 
chloride, Nessler’s reagent, copper acetate, aluminium sulphate and alum 
all give gelatinous brown precipitates which with KmmO, is very bulky. 
No change was produced by the addition of gelatine, cobalt nitrate, borax 
chromic acid, picric acid, and potassium ferrocyanide. 

* Thistleton Dyer, “ Note on the Discovery of Mycorhiza,” Ann. Bot., xi, p. 175. 
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The aqueous solution is acid to litmus paper. The colour is resistant to 
heat, and not destroyed or altered by heating in the autoclave to 110 Ibs. to 
the sq. inch. 


ConcLuSION. 


The paper is a brief note on Polysaccum crassipes DC., a fungus very 
common in eucalyptus plantations around Pretoria. The morphology of 
the fungus is briefly dealt with, and followed by suggestions which indicate 
that the relation between the fungus and host is one of symbiosis. On the 
eucalypti roots the fungus forms yellowish masses, and thinner roots may 
be completely covered or surrounded by the fungus mass. From these pass 
delicate rhizomorphic threads, which become agglutinated to soil particles 
or attached to vegetable débris. Inside the host the fungus forms a pseudo- 
parenchymatous tissue between the cork cells, but does not enter the cells 
or extend to the wood. The tissues of the plant appear to suffer in no way 
from the presence of the fungus. The fungus contains a colouring matter, 
brown in solution and acid to litmus, and precipitated from solution as a 
gelatinous brown precipitate by various strong acids and metallic salts. The 
precipitate is soluble in ammonia to a dark brown solution. 

A fairly complete reference is given to the earlier and more general 
works on symbiosis. 


Note.—Of this genus Lloyd says: ‘The genus is close to Scleroderma, 
some specimens having the gleba-cell wall so fragile that the plants can be 
taken for Scleroderma. There exists in the tissue of the peridium and walls 
of the peridioles a yellow colouring matter readily soluble in water. As it 
occurs ‘in the plant it is black, but dissolved in water it is yellow. The 
plant is still used in the country districts of France (I am told by Monsieur 
P. Hariot of the Museum of Paris) for dyeing purposes ” (‘The Lycoperdaceae 
of Australa, New Zealand, and Neighbouring Islands ; Mycological Series, 
No. 3’). The inside colour of the peridium varies with age, and in aqueous 
solution, the colour was with me invariably brown. To my knowledge the 
colouring matter has never been placed to any use in South Africa. 


Natat HERBARIUM, 
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EXPLANATION OF PLATES XXXIII—XXXVIII. 


PLATE XXXITI. 
FIG. 
Frontispiece. <A large specimen of Polysaccum crassipes. 


PLATE XXXIV. 
1. Specimens of the fungus. Some show the ruptured peridium. 
2. The funeus in its natural habitat. The peridium is ruptured. 
3. Further specimens of the fungus. One is cut through longitudinally to show 
the peridiola. 


PLATE XXXV. 
4. A peculiarly shaped form of the fungus. 
. Photomicrograph, showing basidia. 
. Drawing of basidia and spores, highly magnified. 
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PLATE XXXVI. 
. Photomicrograph of section through peridiola, showing spores and the walls of 
the peridiola. 
8. Photomicrograph to show sterile peridiola which occur in the stalk and also 
along the peridial walls, which they serve to strengthen. : 
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PLATE XXXVII. 
9. From a painting by Miss Lansdell. The fungus surrounding rootlets, and in one 
case attached to a decaying stalk. 
10. Funeus mass on roots. 


PLATE XXXVIII. 
11. From a painting by Miss Lansdell. Fungus mass on roots and separate rhizo- 
morphic threads. 


12. Section through root, showing the pseudo-parenchymatous mass which the 
fungus forms between the cork cells. 
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Plate XXXVITI. 
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Plate XX XIX. 
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INTRODUCTION. 


Pterorylon utile (Eng., Sneezewood ; Dutch, Nieshout; Kafir, Um-tati) 
is a tree which appears to have but few enemies. Sim* writes: “It is 
strange that a timber so durable when dead and dry should be, while alive, 
subject to attack by a Polyporus, which not only acts on the sapwood, but is 
even more partial to the heartwood, and in many cases trees are found to 
consist of only a cylindrical shell, the centre being completely gone; but 
even in such cases the timber, when once dead, is everlasting and _ proof 
against fungus and white ants. Two borers occasionally affect the tree, the 
smaller acting only in the sapwood and forming numerous small channels, 
while the larger bores through the heart wood, leaving one tunnel } in. 
diameter.” The Polyporus, mentioned by Sim, is evidently Fomes rimosus, 
Berk., the fungus treated in this article. 

On the timber of this tree Simf remarks: “ The timber is one of the 
hardest and heaviest in the Colony ; it is dense and close-grained, strong and 
tough, and heavily charged with oily resin. It is of a yellowish colour, often 


* Sim, T. R., The Forests and Forest Flora of Cape Colony, p. 168, 
+ Sim, T. R., op. cit., p. 167, 
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dark brown towards the centre, while the sapwood, which is distinct and 
sometimes an inch deep on a large tree, is nearly white. Rings irregular, 
close, often distinctly marked, wavy in outline, 10-30 per inch in accordance 
with habitat, some distinct and closer than others, all fairly straight or wavy, 
and parallel in the longitudinal section, darker than the greyish-yellow 
interspaces. Medullary rays almost imperceptible, very fine and close, 
giving a minute satiny lustre. Pores very small, either separate or 3-6 in 
line together.” The Sneezewood is undoubtedly our most resistant timber, 
and Hutchins* classes it with Jarrah and Greenheart as imperishable wood. 
Fourcadet gives the properties of Sneezewood as: ‘ Weight, 68 lb. per cubic 
ft.; relative hardness, 8; coefficient of elasticity, 965 tons; modulus of 
rupture, 9°71 ; crushing load, 7:17 tons per sq. in.” 

Prof. Unwin,{ who describes it as the strongest but also the heaviest of 
Cape timbers submitted to him, found its properties: “ Weight, per cubic 
ft. 67°44 lbs. ; shearing stress, 0-490 tons; crushing strength, 5365 tons ; 
coefficient of elasticity, 983-7 tons per sq. in.” 

It is as fencing-poles, gate-posts, and in the construction of harbour 
works that this timber is most largely used. Hutchins states that used in 
the marine works it has only once allowed the entrance of Teredo navalis, 
and that under exceptional circumstances. This case is treated in a paper 
by Hemmersley-Heenen.§ 

It is unfortunate that such a valuable timber should in the past have 
been used as firewood or for purposes which could have been as well served 
by a cheaper. Hutchins (op. cit.) mentions that in 1888 it was still sold for 
firewood on the King Williamston market, and states that the burning of 
it was like the burning of bank-notes. Even to-day there is a great deal 
of injudicious cutting-out and destruction of this tree. 

The natives, in particular, fancy this tree for firewood, perhaps owing to 
its being very inflammable and burning even when green, and they are 
directly responsible for no small share of the destruction of this tree in the 
past, and even at present, when opportunity offers, do not hesitate to illicitly 
fell and use these trees for firewood. 

The wood is extremely handsome and takes a fine polish, though its one 
serious drawback is the fact that the dust from it produces sneezing (hence 
the vernacular name) and running of the eyes. Another drawback, if such 
it be, is its extreme hardness. 

Further references and remarks on the timber will be found in Sim’s 
work referred to and in reports of the Forestry Department. 

* Hutchins, Official Handbook of the Cape, 1893, p. 133. 

+ Fourcade, H. G., Report on Natal Forests, 1889, p. 133. 

t Unwin, Cape Agricultural Journal, 1900, p. 605. 

§ Hemmersley-Heenen, R. H., “A Short Account of the Attacks of the Teredo 
navalis and Chelura terebrans upon Greenheart (Nectandra Rodioei) and Sneezewood 
(Ptaeroxylon utile) Timbers,” Trans, S.A. Phil. Soc., vol. v, p. 313. 
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Well is it that such a valuable timber tree is at present protected and 
endeavours made to get back, by self-seeding or otherwise, some of the 
forests of the past; nor is it a bit too soon to call attention to the havoc 
worked by Fomes rimosus, Berk., which, as we shall see, causes a heart-rot 
not only in Ptexroxylon utile, but also attacks a large number of our other 
forest trees. 


DISTRIBUTION OF FOMES RIMOSUS. 


Von Schrenk, who described the heart-rot of Robinia pseudacacia 
(locust tree), caused by this fungus, gives its distribution in the eastern 
United States, from New York southward along the Alleghanies to Alabama 
and westward to south-east Missouri, and during the year 1900 in great 
numbers on the southern shore of Long Island, N.Y., where it destroyed 
many of the fine old trees. 

Overholts* mentions it from Ohio as growing only on living trunks of 
Robinia. Lloydt mentions it as being most abundant in the United States 
(Middle West) on the locust tree (Robinia), and further states that although 
Robinia is very common as an ornamental tree in Europe, this Fomes is only 
known in Europe from a single specimen. He has had the fungus from 
Jamaica, Mauritius, South Africa, India, Samoa, and Ceylon. 

In South Africa the fungus appears most commonly on living trees of 
Ptxroxylon utile (Sneezewood), but it has thus far also been reported on: 
Curtisia faginea (Assegai tree); Rhus laevigata (Red currant); Olea verrucosa 
(Wild Olive); Olea lawrifolia (Black Ironwood) ; Schotia latifolia (Boer 
bean) ; Hlaeodendron crocewm (Saffraanhout, Saffron-wood) ; Pleurostylia. 
Capensis (Coffee Pear) ; Kiggelaria africana (Wild Peach) ; Acacia, sp. ; 
Scolopia Mundtii (Red Pear) ; Xymalos monospora (Wild Lemon). 

_ What is evidently the same fungus is described by Murrillft under the 
name Pyropolyporus Robiniae, Murr. Virginia is given as the type locality 
and the distribution Connecticut to Florida and west to Missouri and 
Texas. The habitat is given as living trunks of Robinia pseudacacia. 


GENERAL ACCOUNT OF THE DISEASE. 


It is very common, especially in the Gxulu forest of the Eastern Con- 
servancy, Cape Province, to finda large percentage of Sneezewood trees with 
hollow stems. The fruiting bodies (Figs. 1 and 2) of Fomes rimosus, Berk., 
usually appear at wounds and the scars of former branches, and there is no 
doubt that it is especially through wounds that the fungus gains entrance. 


* Overholts, L. O., “The Polyporaceae of Ohio,’ Ann. Missouri Bot. Gdn., 
voli no; 1, p: 133. 

+ Lloyd, C. G., Synopsis of the genus Fomes, p. 248. 

t Murrill, Wm. A., North Am. Flora, vol, ix, pt. 2, p. 105, Bull, Torrey Bot. 
Club, vol. xxx, p. 114, 1903. 
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The Sneezewood trees are particularly favourable to this method of infec- 
tion ; the branches are brittle and easily broken off, and the tree is slow- 
srowing and relatively poor in sapwood, conditions favourable to the entrance 
of the fungus. 

Mr. J. D. Keet, District Forest Officer, who has had this fungus under 
observation for some time, in reply to a question ve the distribution of this 
fungus, states: “ It is worse in forests more heavily stocked with Sneeze- 
wood and such forests-—in the Eastern Conservancy—hbelong entirely to the 
‘Low Type Forests.’ In the ‘High Forests,’ Sneezewood occurs mostly 
on the stony, drier ridges, but while the individual trees are much bigger 
they are few and far between. In such forests Sneezewood is very seldom 
attacked by Fomes rimosus, although, strange to say, Black Ironwood (Olea 
lawrifolia) may here beattacked.” I have examined the fungus from Black 
Ironwood and verified Mr. Keet’s statement that it is Fomes rimosus. 

The elevation of the Gxulu forest where this fungus is particularly abun- 
danton Sneezewood varies from 3300-3600 ft. Thefungus,as mentioned above, 
causes the heartwood of the tree to rot, and as a result the tree, though it 
remains standing and growing, is hollowed in the centre. This hollowing is 
easily evident by tapping the tree. The rotten wood usually crumbles into 
a dark brown powder, and natives make holes in diseased trees to get at 
this mixture of rotten wood and fungus, which they use for tinder and know 
as “viti.’ The fruiting bodies or sporophores of the fungus are often found 
high up on the branches, and as noted always in association with a wound 
or scars of former branches. The natives know the sporophores under the 
name “ Sbeni” (liver). The sporophores are hoof-shaped, with a black 
cracked surface (hence the second name of the fungus). 

A transverse cut (Fig. 3) through a diseased trunk in its earlier stages 
shows a number of yellowish-brown pockets usually surrounded by a Vandyke 
brown margin. These pockets are arranged more or less concentrically and 
extend outwards in radial lines. 

In a tangential section these pockets stand out as lens-shaped masses. 
The yellowish-brown mass, which represents nothing less than a felt-like 
mass of fungus threads, can be readily lifted out of the pocket. Fig. 4 
shows some empty pockets from which the fungus has dropped. 

By the spread of the fungus, both longitudinally through the wood 
elements and transversely through the medullary rays and pits, the rotten 
wood is gradually added to until ultimately only the sapwood and the bast 
exterior to it remain. Itis seldom that the fungus attacks the sapwood, and 
if it does the death of the tree is certain. 

Not always is the stem merely hollowed out as above described, but the 
fungus also forms masses of felted tissue in the decayed area. Fig. 5 
represents a mass of felt-like fungous threads matted together and taken 
from a hollow Sneezewood tree. This particular mass was almost white. 


Heart Rot of Pteroxylon utile (Sneezewood). 219 


Fig. 6 shows practically in the centre of the diseased stem a dark brownish 
mass composed of fungous threads closely matted together and also enclosing 
some wood. If this mass was to be removed, the hollowness of the trunk 
would be complete. 


ACTION OF THE FUNGUS ON THE Woop. 


The diseased wood is bounded from the healthy by a dark Vandyke brown 
ring, darker in colour than the normal wood. 

In the decayed wood the mycelium of the fungus is abundant in the 
vessels (Figs. 7 and 8), wood prosenchyma, and medullary rays (Fig. 9). 
In transverse section the vessels frequently appear completely blocked, and 
in addition to the mycelium they may contain a dark colouring matter, 
evidently composed of decomposition products of the fungus. 

The fungus secretes an enzyme which converts the lignin of the wood cells 
into cellulose ; the middle lamellae of the cells are destroyed, and as a result 
the cells easily separate. 

The destruction of the lenin results in the attacked wood frequently 
showing as white areas or patches (Fig. 6), where the elements consist of 
practically pure cellulose and are readily crumbled between the fingers. 
The enzyme would appear to diffuse from the region where the mycelium is 
abundant, and wood elements of which the walls consisted of cellulose were 
observed where there was little trace of fungoid hyphae. 

The following reactions were tried to show that the lignin of the wood 
is destroyed, and that these elements, therefore, give reactions for cellulose. 

(1) Schulze’s Soln. (Chlorozine Iodide).—The rotten wood takes the blue 
colour characteristic of cellulose. 

(2) Phloroglucin and Hydrochloric Acid.—The healthy xylem stains red- 
violet, characteristic of lignin, whereas the decayed xylem, since the lignin 
has been destroyed, does not give this reaction, but those for cellulose. 

(3) Iodine and Sulphuric Acid.—The healthy wood stains yellowish and 
the decayed gives the blue cellulose reaction as would be expected. 

(4) Aniline Sulphate and Sulphuric Acid.—The normal wood takes a 
bright yellowish colour characteristic of lignin, whereas, again, the decayed 
does not, but would give reactions with reagents for cellulose. 

The action of the fungus on the wood may therefore be briefly summarized 
as follows: 

(1) The fungus secretes an enzyme which reacts on the lignin of the 
wood elements and converts it into cellulose. 

(2) The middle lamellae of contiguous cells are destroyed and the cells 
therefore easily separate. 

(3) Ultimately the remaining, now cellulose, walls of the xylem are 
destroyed, and the fuugus forms yellowish masses of matted fungoid threads 
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in the cavities it has produced by the destruction of the wood. Fig. 10 
shows a collection of hyphae evidently intertwining and becoming matted 
together. 


MycELium oF THE FuNauws IN 17s Host. 


In young stages the mycelium consists of delicate, thin-walled, colourless 
hyphae, which are branched and septate. Frequently the septa are quite 
close together. From being colourless the hyphae change through a yellow 
ochre to a dark Vandyke-brown and become thicker walled. More frequently 
they measure 1-1-2 » across, though thicker and also thinner hyphae have 
been met with. The hyphae fill the vessels, wood prosenchyma elements, 
and medullary rays, and, as already mentioned, form a thick felted mass 
in the cavities and in the place of the wood elements which have been 
destroyed. 

The hyphae show the characteristic clamp connections, and usually they 
become pecuharly intertwined and twisted, as is evident from some of the 
illustrations. 

The manner in which a fungus penetrates and spreads through wood is 
to some extent determined by the structure of the particular wood. It may 
be taken that generally the course of the hyphae is through the medullary 
rays and vessels in the first stance, and that from these points individual 
hyphae penetrate the adjoining wood cells. 

Briefly considering the wood of Ptaeroxylon utile we note : 

(1) The medullary rays, though not easily evident to the naked eye, are 
abundant, 1 cell broad and between 5-12 cells deep, and are composed of 
comparatively thin-walled parenchymatous cells. 

(2) The vessels have a diameter of medium size (lumen 39°16—52°8 », diam. 
and walls 66 thick), and their walls are pierced by numerous bordered 
pits. 

(3) The groundwork of the xylem is composed of wood prosenchyma 
cells, with walls 3°68 » (on the average) thick and lumina 7°36 » diam. The 
prosenchyma cells have simple pits. 

It is the absence of wide wood elements that makes the wood of 
Pteroxylon utile so hard and firm. 

Through wounds the fungus finds entrance into the medullary rays and 
from them penetrates vertically and laterally into the wood elements. The 
hyphae pass directly through the walls of the medullary ray cells (Fig. 11), 
and the pits formed in the process are slightly enlarged. The hyphae are 
also capable of directly boring their way through the walls of the wood 
prosenchyma cells (Figs. 12 (a) and 13). Where the hyphae thus bore their 
way directly through the walls a tuberous swelling was frequently noticed 
at their ends and in proximity to or touching the wall to be bored through. 
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In the vessels I have not observed the fungus to bore directly through 
the walls, and here they appear to follow the pits (Fig. 12 (b) ), which are 
abundant. From what has been said above it will be evident that the growth 
of the fungus longitudinally through the continuous vessels and the 
wood prosenchyma will be more rapid than laterally, in which latter case the 
hyphae have to bore their way through the walls of the wood cells or are else 
dependent on pits. 

Von Schrenk * has pointed out that the formation of sheets is largely 
dependent on the resistance of the wood cells, and whether they are closely 
packed or not, and as pointed out by him for Rolinia Pseudacacia, so I hold 
the same to be a very plausible theory also for the sheets formed in 
Ptxroxylon utile. 

Von Schrenk ft has reported that the common form of destruction in 
Robinia is for the wood cells to break up into small pieces owing to their 
walls being perforated by hyphae. The smallest pieces were shown to be 
wood, thus indicating that the destruction does not pass through the 
cellulose stage. 

In the material of Ptxroxylon utile examined I have never come across 
any small pieces of unaltered wood. The destruction here appears invariably 
to pass through the cellulose stage. In between delignified wood cells I have 
at times come across elements, especially vessels, which still gave lignin 
reactions, but these were never isolated into small pieces. The walls of the 
vessels are particularly resistant. 


DESCRIPTION OF THE FUNGUS. 


The fructifications or sporophores of Fomes rimosus are among the most 
conspicuous of the so-called “ shelf’? fungi which grow on living trees. They 
vary in shape, size, etc., and especially does this appear to be the case with 
sporophores obtained from different hosts. 

On Ptaerovylon utile they are usually hoof-shaped (Fig 1) or applanate, 
and the sizes most frequently met with vary between 2:4-14 x 3°5-7°5 x 
1-5-5 cms. In young specimens the upper surface is smooth and fulvous, 
but with age it becomes concentrically suleate and very much cracked or 
jagged. The cracks do not penetrate far into the mass of the sporophore, 
and are usually limited to the outer hard surface which in this fungus is not 
encrusted. With age the surface colouring varies between dark brown and 
purplish-black, and older specimens are frequently covered with moss, ete. 
The most recent layers, which form the front of the sporophore, are charac- 


* Schrenk, H. von, “A Disease of the Black Locust (Robinia Pseudacacia),” 
Miss. Bot. Gdn., Twelfth Ann. Rep., 1901, p. 21. 
+ Op. cit., p. 26. 


222 Transactions of the Royal Society of South Africa. 


terised by their smooth, fulvous, almost velvety surface, which extends over 
the edge on to the lower surface. 

The substance of the pileus is hard and woody and of a raw sienna 
colour ; a section shows the outer rind to be inclined towards Vandyke 
brown. The whole sporophore is exceedingly hard and woody. 

The lower surface of the sporophore is a dull reddish-brown and smooth 
and velvety to the touch. The pores are minute, on the average 112-132 p 
across, hardly discernible to the naked eye, 3-5 to the mm.; dissepiments 
rather thick, on the average 78-125 pw, and poremouths entire and 
circular. 

The tubes are arranged in strata, not always very distinct, 2-6 mm. long, 
and are a light brown (raw sienna). They extend practically to the surface, 
there being only a thin, hard, woody context tissue 38-1 cm. thick and zoned. 
The tubes of the older strata later become plugged by mycelial hyphae, and 
this plugging appears to start irregularly in any particular layer. As has 
also been pointed out by other writers, a large number of spores are frequently 
imprisoned in these plugged-up tubes. 

The spores (Fig. 14) are abundant, yellowish-brown, smooth, globose, or 
shghtly oval, 4°35—5 » diameter. Setae are absent. 

The fructifications do not form after the trees are dead, nor does the 
diseased wood when used for poles, etc., continue to rot. This was also 
reported by von Schrenk* for the locust tree, and would suggest, as pointed 
out by him, that conditions in the living tree must be essentially different 
from those existing after the tree is dead. 

The description of the fructification is from specimens taken from 
Sneezewood, and the size that most frequently met with on the above tree. 
The largest specimen (frontispiece) seen by the author was from Hlaeodendron 
croceum (saffron wood) and measured 73 x 36 x 28 cms. Its weight was 
244 lb. It was collected at Knysna by Mr. C. E. Legat, Chief Conservator 
of Forests for the Union. 


CoNnTROL OF THE Hkartr Rot cAUSED BY FOMES RIMOSUS. 


We have seen that Fomes rimosus 1s a wound parasite, and the two 

methods of control which suggest themselves are : 
(1) The prevention of wounds. 
(2) The removal of the primary sources of infection. 

Whereas on large areas it would be practically impossible, from an 
economic point of view, to treat trees individually, yet nevertheless much can 
be done in a general way to lessen the chances of natural wound infection. 

The most practical method for combating heart rot is undoubtedly the 


* Schrenk, Herman von, op. cit., p. 29. 
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removal of the possible sources of infection. Wherever it is intended to 
conserve forest areas, a careful search should be made for all trees infected 
with this fungus, and they should be promptly removed. This is the more 
important since, as already stated, in South Africa Fomes rimosus does not 
limit itself to Pteroxylon utile, but attacks a large number of trees belonging 
to different orders. | 

The presence of the sporophores of the fungus on a tree is evidence of 
the presence of heart rot and of the necessity of removing the tree. Sporo- 
phores on trees should be removed wherever found. 

The practice of leaving uncut, trees affected with heart rot is wrong from 
the standpoint of proper forest sanitation, for it merely enables the causal 
fungus to develop its fructifications and exposes the coming generation to a 
continuous danger of becoming infected as soon as they have developed 
heart wood and the opportunity offers itself. Fomes rimosus is not known 
to form new fructifications after the attacked tree is dead, and a proper 
look-out for and the destruction of living diseased trees as well as the 
sporophores of the fungus should go a long way towards lessening infection 
in the forests. 

The foregoing would appear to be the most practical methods for con- 
trolling this disease in large forests. On a small scale it may perhaps be 
necessary to give attention to individual trees; assist the natural pruning 
tendency of the tree and trim all wounds prior to painting them over with 
some disinfectant. The disinfectant should have sufficient penetrating power 
to infiltrate into the wood for some considerable distance. Coal-tar creosote 
heated up until thoroughly lquid will be found as good as any. The 
disinfecting is especially advisable where the wounds are large. 

Humphrey and Fleming * have recently published an interesting paper 
on the toxicity to fungi of oils and salts, and particularly those used in wood 
preservation. In their research they included two wood-destroying fungi— 
Fomes annosus, Fr.,and Homes pinicola (Sw.) Fr. They find the preservatives 
used act in a considerably different manner on these two fungi and the 
former to be as a rule more resistant. 

Mention should here also be made of a recent paper by Howet on the 
effects of various dressings on pruning wounds of fruit trees. The author 
found untreated wounds to heal more rapidly, and on peach trees the 
substances experimented with caused so much injury that the author holds 
wounds on peach trees should never be treated with any of them. The 
author’s conclusions are that there is nothing to show that it 1s worth while 


* Humphrey, C. J., &Fleming, R. M., “The Toxicity to Fungi of Various Oils and 
Salts, particularly those used in Wood Preservation.” U.S.A. Dept. of Agriculture, 
Bureau of Plant Industry, Bull. 227, 1915. 

+ Howe, G. H., “ Effect of Various Dressings on Pruning Wounds of Fruit Trees,” 
New York Agric. Exp. Station (General), Bull. No. 396, 1915. 
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treating wounds, large or small, of fruit trees with any of the substances in 
common use. At the same time he points out that had the experiments 
extended over a longer period it might have turned out that the treatment 
saved the wood from decay which often sets in on exposed wood of fruit 
trees. Here, however, it is pointed out that the injury caused by the 
dressings might overbalance the protection afforded against decay. 

The whole question of dressing wounds with disinfectants would appear 
to be well worth serious attention, and especially with reference to particular 
fungi. Further work along the lines followed by Humphrey and Fleming 
would give interesting and valuable results. 


SUMMARY. 


The paper deals with a heart-rot disease in Ptewrorylon utile (Sneeze- 
wood) caused by Fomes rimosus, Berk. 

The distribution of the fungus and the effect it has on the wood of 
Ptxroxylon utile are fully recorded. 

It appears to have been generally held that this fungus limits itself to 
Robinia Pseudacacia, or members of the Leguminosae, and it is therefore all 
the more interesting to know that in the Union of South Africa it has thus 
far been reported on 11 genera belonging to 8 different natural orders. 

Ptaeroxylon utile is one of our hardest and most valuable trees, and with 
endeavours that are being made to get back some of our forests of the past, 
particular attention should be given to the presence of this fungus in areas 
demarcated, and every means taken to prevent its spread. 

This is all the more important since we now know the fungus attacks a 
large number of trees belonging to different orders. 

The fact that fruiting bodies are not developed after the tree is dead 
somewhat simplifies the control of the disease along the lines suggested. 
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EXPLANATION OF PLATES XXXIX—XLIV. 


PLATE XXXIX. 
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(op) 
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13. 
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Frontispiece. Largest specimen of Fomes rimosus, Berk., seen by the author. 
It is from Elaeodendron crocewm (Saffron wood), and measured 73 x 36 x 28 cms. 
and weighed 243 lb. 


PLATE XL. 


. Sporophore of the fungus on Ptaeroaylon utile (Sneezewood). 
. Same as 1. Note the cracks where the sporophore originates. 
. Diseased stem of Ptaeroxylon utile cut through and showing the destruction 


caused by the fungus. 


. Stem cut through longitudinally. Note the brown fungous mass and also some 


empty pockets. 


PLATE XLI. 


. Felted mass of mycelium from hollow trunk of Ptaerorylon utile. 
. Brown fungous mass, practically in centre of stem, and white wood elements which 


have become delignified and now consist of practically pure cellulose. 


. (x 3800).—'T-.S. through diseased stem. Mycelium in large vessels. 


PLATE XLII. 


. (x 400).—Diseased stem in longitudinal section. Mycelium of the fungus in 


wood elements. 


. (x 400).—Radial longitudinal section. Mycelium in medullary rays. 
. (x 300).—Mass of mycelial threads of the fungus in the wood. 


PLATE XLIII. 


. (x 1000).—-Mycelium boring its way through the cells of the medullary rays. 


(x 1000).—Mycelium passing through pits of large vessels (a); boring its way 
through wood cells (b) and also some mycelial threads (c). The mycelium 
frequently runs in close contact to the walls of the cells of the host, and 
where a wall is to be bored through is usually swollen. 


PLATE XLIV. 


(x 1000).—Mycelium boring through wood cells. 


(x 1000).—Spores of the fungus. They are yellowish-brown, smooth, and vary 
from circular to oval. 
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THE ELECTRO-MOTIVE CHANGES ACCOMPANYING ACTIVITY 
IN THE MAMMATIAN URETER. 


By W. A. Jotty. (From the Physiology Laboratory, South African 
College.) 


The ureters of rabbits and monkeys were used in this research. They 
were either isolated and perfused with Ringer’s solution at body tem- 
perature, or the electrodes were applied to the ureter in siti in the decapitate 
preparation or anaesthetised animal. 

Einthoven’s string galvanometer was employed, and the deflections of the 
instrument recorded photographically with a magnification of 660 diam. on 
moving sensitised paper. The wicks of two non-polarisable electrodes are 
applied to the ureter. The right-hand electrode, which is connected with the 
lower end of the string of the galvanometer, and negativity of which relative 
to the left-hand electrode causes an ascent of the recorded curve, is applied 
proximally at a point close to the pelvis of the kidney. The left-hand 
electrode, whose negativity depresses the curve, is applied distally at a point 
nearer the bladder. 

When the electrodes are near to each other, e.g. 1 to 3 cm. apart, the 
form of curve recorded is shown in Figs. 1 to 4. The curve consists of (1) 
an initial downward deflection, indicating positivity of the right-hand or 
proximal electrode ; (2) a steep upward deflection giving a sharp summit; 
_ the curve then falls steeply, and there is (3) a second downward deflection ; 
the curve then tends to run more or less horizontally for a time in the 
neighbourhood of the zero line, and is terminated by (4) a slow ascent and 
descent. 

It is evident that we have to do here with an electrical variation which 
resembles very closely the electro-cardiogram. So close is the correspondence 
between the two variations that one is led to conclude that they are 
essentially of the same nature, and I propose to make use, in describing the 
summits of the ureter variation, of the lettering Q, R, S, T, introduced by 
Einthoven for the electro-cardiogram. | 

Figs. 1, 2, 3 and 4 are obtained from the isolated ureter of the rabbit, 
perfused with warm Ringer’s solution. In the case of Figs. 1 and 2 the 
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electrodes are placed at a distance of 1 cm. from each other; in Fig. 3 they 
are 2 cm., and in Fig. 4, 3 cm. apart. 

When the electrodes are separated by a considerable distance from each 
other, curves are recorded of the form given in Figs. 5 and 6. These 
records were obtained from the ureter of the anaesthetised monkey, where 
the non-polarisable electrodes were applied, the right-hand one close to the 
pelvis of the kidney, and the left-hand one close to the bladder. The ureter 
was not perfused, but a cannula connected with a reservoir of warm Ringer’s 
solution was inserted into the substance of the kidney and the pressure 
raised. This produces a continuing stimulus, which gives rise to rhythmical 
peristaltic waves in the ureter. 

The variations accompanying these waves (Figs. 5 and 6) show summits 
which are lettered Q,, R,, Qi, and R;, Fig. 6 shows in addition an upward 
summit which is not always present, and which I have lettered z. 

Occasionally peristaltic waves arise at the renal extremity of the ureter 
which are not propagated along its whole length. Fig. 7 gives the electrical 
variation accompanying one of these waves in the monkey’s ureter, and may 
be taken as indicating the electrical change under the right-hand or proximal 
electrode alone. I have lettered the summits Q,, R,, and T’,, 

Diagram Fig. 8 shows how the complete variations such as Figs. 5 and 6 
are produced by the summation of two oppositely directed variations such as 
Fig. 7, separated by a time interval, and affecting the right- and left-hand 
electrodes respectively. 

Orbeli and Briicke* have published curves from the mammalian ureter, 
two of which are indicated here for the purpose of comparison as Figs. 9 and 
10. I have inverted these curves in order to bring them into accord with the 
usual manner of presentation. 

Fig. 9 records a wave which disappeared before reaching the second 
electrode. The deflection V appears to represent Q, and H, to represent R. 
There is no sign of summit 7. Fig. 10 records a complete wave. H, appears 
to represent ,, and N to be the wave which I have found occasionally 
present and lettered z. 

It appears to me that it would not be possible from an examination of 
these curves of Orbeli and Briicke to deduce the form of the electrical change 
under one electrode, as can be done from the curves recorded in this paper, 
nor to show how the complete variation is obtained by summation, but 
Orbeli and Briicke’s curves show that the first effect of the peristaltic wave 
on reaching the proximal or right-hand electrode is to make it relatively 
positive to the distal electrode. 

If, as appears to be indicated by the results recorded in the present 


* Pfliiger’s Arch., 133, 1910, p. 341, See Bayliss’ Principles of General Physio- 
logy, p. 651, 
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paper, the electrical change under one electrode produced by the passage of 
a peristaltic wave in the ureter is similar in form to Fig. 7, then we may 
interpret it on the lines that two or more processes are evoked almost 
simultaneously under the one electrode, whose electrical expressions interfere. 
The initial downward Q would indicate on this view that there is a process 
evoked tending to depress the curve, with a shorter latent period than 
another process which tends to elevate the curve. 
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ON SOME STAGES IN THE LIFE HISTORY OF GNETUM.* 
By H. H. W. Pearson, Se.D., F.R.S., anp Mary R. H. Tuomson, B.A. 
(With Plates XLV—L.) 


Since the time of Griffith,t the life history of Gnetum has been studied 
by many botanists, each of whom has done something to advance the know- 
ledge of this remarkable genus, which, nevertheless, is still very incomplete. 
Material for the study is difficult to obtain, and when obtained is usually 
more or less disappointing in the results which it yields. 

The present investigation resembles those that have preceded it in 
respect of its incompleteness. It carries the story a little farther, but it 
leaves considerable gaps to be filled by future work. It has extended over 
a period of seven years, in the course of which material from West Africa,§ 
Poona, Darjeeling, Ceylon, Penang, Singapore, and Buitenzorg, representing 
G. africanum, G. Buchholaanum, G. Gnemon, G. scandens, and two species 
of doubtful identity have been studied. Thousands of sections have been 
examined || and some results have been published.4{ This paper contains 
probably the last contribution to the life history which this material will 
furnish. 

Our failure to elucidate certain stages in the life history, in spite of this 
large supply of material carefully collected and fixed by those who have 
been so good as to assist us, is due to causes which themselves suggest 
some interesting conclusions regarding the biology of some species of 
Gnetum. We find no indication of specific disease such as Lotsy describes 


* Percy Sladen Memorial Expeditions in 8.W. Africa, No. 78 art). 

+ Griffith, 1859. 

t Cf. Lotsy, 1899, 1903. 

§ As previously stated (Pearson, 1912, 1915 A & B), we owe this material to 
the kindness of the Director of the Buitenzorg Gardens, Major Gage, Mr. I. H. 
Burkill, Prof. Gammie, Mr. W. Talbot, the late Dr. R. H. Lock, Mr. C. C. Calder, 
Mr. G. H. Cave, Mr. J. Gossweiler, Herr G. Zenker, and the Percy Sladen Memorial 
Expedition in 8.W. Africa, 1908-1909. 

|| We are indebted to Miss F’. Goldmann, B.A., for some assistance in preparing 
sections. 

{| Pearson, 1912, 1915 a, 1915 B; Caporn, 1916; Thomson, 1916. 
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for G. Ula.* Pollination in G. africanum appears very frequently to fail. 
Lotsy had the same experience with G. Gnemon,t due in this case to the 
local rarity of male trees of a species long cultivated in the east { for 
the sake of the edible leaves and seeds. G. africanum, however, is not 
cultivated, and the failure of pollination here must be due to some degree 
of lack of adaptation to its environment. The fact that in this species the 
whole contents of the embryo-sac have frequently disappeared entirely is 
probably due to the exhaustion of available nutriment by the few ovules 
which do succeed in attaining their full size, with or without proembryos. 
The failure of fertilisation does not appear to affect adversely the develop- 
ment of endosperm and associated seed structures other than the embryo. 
Lotsy § records that in G. Gnemon the embryo-sac becomes filled with 
endosperm if no fertilisation occurs. In G. africanum, seeds whose external 
characters are indistinguishable from those in which many proembryos are 
found, frequently contain a normally developed endosperm in which no 
proembryos appear to be present.|| The proembryos are not conspicuous, 
but with a little experience they are readily recognised, and their absence in 
these cases may safely be affirmed. 

Another difficulty of constant occurrence in all our material is the 
almost synchronous development of all the ovules of the spike. In the 
early stages of the male spike the successive nodes do not develop in 
acropetal order,{[ and presumably the female spikejhas the same character.** 
Later, the ovules at successive nodes are in practically the same stage of 
development at a given time; still later one or more of them outpace the 
rest, which then develop no further.f+ It is further probable that all the 
ovules on a particular plant at a given time represent a remarkably close 
developmental series. Certain it is that many ovules representing a single 
collection and presumably obtained from the same plant have yielded very 
few stages, and these close together. 

Finally, if we may judge from our material of G. africanum, fertilisation 
and the changes which immediately follow it are rapidly completed when 
once the pollen-tube has reached the sac. We have seen both pollen-tubes 
and free-nucleate proembryos in scores, if not in hundreds, but not a single 
case of fertilisation or of the first division of the oospore ; oospores themselves 
are recognised in only two of our preparations. 


* Lotsy, 1899, 1903. 
+ Lotsy, 1899. 
t Karsten, 1893 a, p. 204. 
§ Lotsy, 1899, p. 107. 
|| Cf. Thoday, 1911, p. 1101. 
@ Pearson, 1915 B, fig. 24. 
** Of. Lotsy, 1899, fig. 10. 
tt Cf. Lotsy, loc. cit., figs. 5, 6, 7. 
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1. THe NucELuus AND POLLEN-CHAMBER. 


The pollen-chamber of G. Gnemon has been described and figured by 
Lotsy.* In G. africanwmt the chamber is formed in the same manner, but 
it becomes deeper and narrower than in G. Gnemon (Plate XLV, figs. 2-4). 
In G. scandens it is broad and shallow as in the latter species and in 
Welwitschia{ (Plate XLV, fig. 1). 

After pollination the micropyle becomes blocked by tissue in the manner 
already described § ; we have frequently seen large papilla-like cells || pro- 
jecting from the lower end of the blocking tissue into the cavity of the 
pollen-chamber (Plate XLV, fig. 2). 

Soon after pollination, sometimes before this occurs; the tissue of the 
nucellar-cap below the level of the floor of the pollen-chamber, may undergo 
disintegration similar in character to that described by Coulter for G. 
Gnemon.§| Occasionally, as in the latter species, the epidermis becomes 
infolded and a slit-like constriction appears in this region of the nucellus. 
More commonly, however, in G. africanum (Plate XLV, fig. 3) the epidermis 
remains unaffected and the disintegration begins in the underlying tissues. 
It gradually extends inwards and downwards producing a broad, irregularly 
funnel-shaped cavity which may extend to the top of the embryo-sac 
(Plate XLV, fig. 4). During a stage in the later growth of {the endosperm 
its micropylar apex may turn aside into part of the cavity thus formed 
(Plate XLV, fig. 5), and it may thus acquire a somewhat irregular form. 
Ata still later stage, with the destruction of all but a thin layer of crushed 
nucellar-cap cells, the endosperm assumes the more regular form already 
described.** 

There is no indication of the meaning of this curious deformation of the 
nucellar cap. It is clearly not incited by pollination nor by the growth of 
the pollen-tube, for it may occur in unpollinated ovules, and often there is 
no sign of it in ovules which have been fertilised. Its occurrence does not 
appear to be detrimental to the normal development of the seed, and it is 
therefore unlikely that it is a stage in the nucellar disease described by 
Lotsy. It imposes limitations on the possible directions of growth of the 
pollen-tubes, though in its absence their course is not materially different. 


The cells of the cap not affected by this degeneration are packed with 
Starch grains. 


* Lotsy, 1899, p. 94, figs. 18, 35. 
ft Thoday, 1911, fig. 14. 
t Bertrand, 1878, fig. 10; Pearson, 1906, figs. 28, 29. 
§ Thoday, loc. cit., p. 1120. 
| Cf. Berridge, 1911, fig. 4. 
{| Coulter, 1908, fig. 5 a. 
** Thoday, 1911, Text-fig. 9. 
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2. Tuer POLLEN-TUBE AND SPERM-CELL. 


There is no conclusive evidence as to the pollinating agent in any species 
of Gnetum*; the results of its action are very variable in G. africanum. 
Very frequently, as already stated, the ovule is unpollinated ; otherwise one, 
two, or three pollen grains are commonly found in the pollen-chambers ; 
frequently the number is larger. In one case, in G. Gnemon (Ceylon 
material), the large number present in the micropyle (Plate XLVI, fig. 7) 
recalls the condition often seen in Welwitschia.t There is every indication 
that pollination in the latter genus is much more efficient than in Gnetum 
africanum. | 

The adult pollen-grain in the microsporangium of G. africanwm contains. 
three free nuclei.t The same condition for G. Gnemon is described by 
Lotsy§ and for G. funiculare, G. Rumphianum, G. latifolium, and G. Gnemon 
by Karsten.|| In no species has a generative cell been seen in a pollen grain. 
In G. funiculare the pollen-grains on the nucellus contain only two free 
nuclei,4]/ one having disappeared. In G. Gnemon, either two or three free 
nuclei are present in grains found in a micropyle (Plate XLVI, fig. 7). 
Presumably the same is true for G. africanum; in our material of this 
species pollinated ovules all show the pollen in the course of germination ; 
in many cases a third nucleus is seen (Plate XLVI, fig. 8) in the proximal 
end of the tube, in others there is no trace of it. In all these species then, 
as in Welwitschia,** three free nuclei are characteristic of the mature pollen- 
erain ; one of the three plays no part in its germination ; it disappears either 
before or soon after pollination or, if it persists, never, as far as is known, 
enters the pollen-tube. Such a nucleus must be regarded as constituting 
the last vestige of the prothallial tissue. It is noteworthy that this very 
considerable reduction of the prothalliai tissue, to a condition occasionally 
found in the Angiosperms,tf is characteristic both of Gnetum and Welwit- 
schia; in Ephedra the prothallus is represented by one or two fully con- 
stituted cells with at least a partial formation of cell-walls.t{ 

The pollen-grains of Welwitschia and Gnetum do, however, differ in the 
organisation of the generative cell. In Welwitschia this cell is organised 
before pollination.§§ In G. africanum (Plate XLVI, figs, 9, 10) as in the other 


* Cf. Karsten, 1892, p. 213; Lotsy, 1899, p. 94. 
+ Gy. Pearson, 1909) fig. 11. 
ft Pearson, 1912, p. 618, fig. 20. 
§ Lotsy, 1859, p. 94. 
|| Karsten, 1893 8B, p. 359. 
©) LOG ..6%b. 
** Pearson, 1906, p. 281, figs. 138-16. 
++ Coulter and Chamberlain, 1903, p. 135. 
tt Strasburger, 1892, pp. 10, 11; Land, 1904, p. 6; Berridge, 1909, fig. 2. 
§§ Pearson, 1906, p. 281, fig. 16. 
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species described,* it is first recognised after germination. The marked 
difference in the sizes of the tube and generative nuclei by Karstenft is not 
observed in G. africanum ; here the tube nucleus, before it shows signs of 
deterioration, is usually somewhat smaller than the other (Plate XLVI, 
figs. 9, 10). 

In the pollen chamber in G. africanwm the grain swells, splitting and 
casting off the exine (Plate XLVI, fig. 8, ex); this is described also for other 
species of Gnetum,{ for Hphedra,§ and for Welwitschia.|| The pollen-tubes 
usually follow a fairly direct line from the hase of the pollen-chamber 
towards the summit of the sac. The diameter of the axial tissue of the 
nucellar cap is frequently so limited by the degeneration already referred 
to (p. 233), that the passage of three or four pollen-tubes almost completes 
its disorganisation, leaving a broad irregular cavity. 

The pollen-tube, so far as we have seen, always enters the embryo sac at a 
point very near its apex. In G. Gnemon, according to Lotsy,{{ it sometimes 
penetrates the sac-wall at a lower point, but always in the upper half. When 
there are several pollen-tubes, the destruction of nucellar tissue is particularly 
great just above the summit of the sac (Plate XLVI, fig. ll, c). If the 
pollen-tube contains three nuclei at the time of its germination, one of these 
does not enter the tube (Plate XLVI, fig. 8). Of the other two, the second, 
soon after entering the tube, becomes incorporated in a cell—the generative 
cell (Plate XLVI, figs. 9,10). The organisation of the protoplasm of this 
cell must be effected very rapidly ; nostages intermediate between the free 
nucleus and the apparently fully-organised cell have been observed. 

Soon after the organisation of the generative cell, two nuclei are seen in 
it (Plate XLVL, figs. 12, 18, 14; and Plate XLVII, fig. 15). The division 
which yields this 2-nucleate generative cell has not been seen. The corre- 
sponding division of the generative cell of Welwitschia has been described.** 
The two nuclei in Guetum africanum are usually unequal in size or staining 
capacity, as they are in Welwitschia, and, as also in the latter, the advantage 
may leeither with the leading or the following nucleus.t+ Their shape does 
not vary to the same extent as in the homologous nuclei of Welwitschia ; ff 
they are usually spherical or nearly so ; an exception 1s shown in Plate XLVI, 
fig. 14. Usually they are both retained in the same unit of protoplasm ; in 


* Karsten, 1893 B, p. 360, figs. 59-63 ; Lotsy, 1899, p. 94. 
+ Loc. cit. 
+t Karsten, loc. cit., p. 359. 
§ Land, 1907, p. 275; Berridge and Sanday, 1907, p.182; Berridge, 1909, fig. 2, 
|| Pearson, 1906, fig. 17 ; 1909, p. 358. 
{ Lotsy, loc. cit., p. 94, fig. 40. 
** Pearson, 1909, figs. 44, 48. 
tt In G. funiculare, etc., the two sperm nuclei are said to be quite alike. Karsten, 
1893b, p. 360. 
t+¢ Pearson, 1909, p. 360. 
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some cases the cell becomes divided into two uninucleate portions, probably 
as a result of a simple mechanical strain as is suggested for Welwitschia.* 
Both these conditions are recorded by Karsten for G. Rumphianum and G. 
ovalifolium.+ In G. funiculare the protoplasm of the binucleate cell 
remains undivided until it enters the embryo sac. 

The nucleolus of the sperm nucleus is large and the surrounding nuclear 
substance contains numerous coarse chromatin granules. The male nuclei 
of G. ovalifolium and G. Gnemon, figured by Karstent and Lotsy{ respec- 
tively, possess no nucleoli but “ more or less regular balls of chromatin accu- 
mulated in a mass which resembles a raspberry somewhat.’§ These 
characters have not been seen in our material. Lotsy’s figure represents 
these nuclei just before their entrance into the sac. In earlier stages figured 
by Karsten,|| they appear to be very similar to those seen by us in G. afri- 
canum. We have identified the sperm nuclei just before they enter the sac; 
they still retain the characters of the jnucleolus and chromatin described 
above. 

We have not succeeded in obtaining certain proof that the smaller of the 
two sperm nuclei is in process of disintegration, though its condition (e. q., 
Plate XLVI, figs. 10, 18) frequently suggests this conclusion. In the lower 
part of the nucellar cap it is frequently not possible to find the second sperm 
nucleus (Plate XLVII, fig. 16). It is therefore not improbable that one of 
them may disappear as is sometimes the case in Welwitschia.{ If this is so, 
there is little doubt that the disappearing nucleus is a sperm nucleus and 
not the homologue of the so-called “stalk-nucleus”’ of Ephedra and the 
lower gymnosperms. The history of the male gametophyte of Gnetum and 
Welwitschia is shortened, not only by the partial elimination of the pro- 
thallus, but also by the complete suppression of one of the later divisions, 
almost certainly the first division of the “ body cell” of the lower forms. 
The tendency to reduce the series of events intervening between the spore- 
mother-cell and the functional gamete is seen in the history of the micro- 
spore as in that of the macrospore. 

The tube-nucleus usually maintains its spherical form to the end (Plate 
XLVII, fig. 16). Sometimes it becomes crescent-shaped, as occasionally in 
Welwitschia.** Karsten doubtfully recognises the partially disorganised 
tube-nucleus in the embryo-sacft in G. Rumphianum and G. ovalifolium ; in 


* Loe. cit. 
+ Karsten, loc. cit., p. 361. 
t Karsten, 1893b, figs. 68, 69; Lotsy, 1899, fig. 41. 
§ Lotsy, loc. cit., p. 95. 
|| Karsten, loc. cit., p. 360, fig. 64. 
{| Pearson, 1909, p. 360. 
** Toc. cit., fig. 43. 
tt Karsten, 1893 B, p. 368, fig. 71. 
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G. Gnemon it “usually, if not always, remains inside of the pollen-tube.’’* 
We have never been able to distinguish the tube-nucleus in G. africanum, 
either in the sac or in a pollen-tube which has reached the end of its growth. 


3. THe EMBRYO-SAC AND ENDOSPERM. 


Several stages in the development of the embryo-sac and endosperm 
have been described.. i 

It seems probable that more than one macrospore mother-cell is 
organised,{ though perhaps only one usually gives rise to macrospores ; but 
according to Karsten,{ “aus den Embryosack-Mutterzellen geben nun durch 
weitere Quer-und Liangstheilungen eine ganze Anzahl von Embryosack- 
anlagen hervor.” He further states § that he never saw more than three 
cells formed by the transverse division of a single mother-cell. According to 
Lotsy,|| the embryo-sac of G. Gnemon arises by the division of the mother- 
cell into two, each of which may become an embryo-sac. Our material gives 
no information regarding these early stages. Usually only one embryo-sac 
is organised in G. africanum; in G. Gnemon, as stated for this and other 
species by other observers, two or three are not infrequently present.4] 

The earliest stage of the sac shown in our preparations contains four free 
nuclei. Later stages up to and including the septation of the lower part of 
the sac and the fusion of the free nuclei in each compartment have been 
described.** In G. africanum, as in G. Gnemon, the embryo-sac before 
septation is hardly more than four times as long as it is broad. In G. 
scandens it is much longer (Plate XLV, fig. 1) in proportion to its breadth, 
a character which appears to be constant in this species. The sac here 
outlined (Plate XLV, fig. 1) shows the aggregation of free nuclei at the 
chalazal end. There is yet no indication of septation. Later stages have not 
been seen in this species. 

Neither Karsten +f nor Lotsy tf saw any stage of mitosis in the free 
nucleate sac. We have seen one only (Plate XLVI, fig. 17). The ovule in 
which it occurs is pollinated, and pollen-tubes have already penetrated about 
one-third of the length of the nucellar cap. In this sac the central vacuole 
is still present, and the nuclei are uniformly distributed throughout the thin 


* Lotsy, 1899, p. 95. 

+ Strasburger, 1879, p. 116, Taf. xiii, figs. 51-55. 

¢ Karsten, 1893 B, p. 354. 

§ Loe. cit. 

|| Lotsy, 1899, p. 102. 

{ Strasburger, 1879, Taf. xiv, figs. 59, 60; Karsten, 1892; p. 210; Lotsy, 1899, 
p. 90; Pearson, 1915 4, fig. 2. 

** Pearson, loc. cit., p. 8318 (on p. 319 of this paper, “ multinucleate,” the last word 
in line 8 from the top, should read “ uninucleate.” 

+t Karsten, loc. cit., p. 356; ¢£ Lotsy, 1999, p. 92. 
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protoplasmic layer. All the nuclei are in precisely the same stage of 
division. It may be assumed that all the divisions which occur in the sac 
before septation are simultaneous, as they appear to be in Welwitschia * and 
in Ephedra.t The chromosomes cannot be counted with certainty, but they 
are probably twelve—the number determined by Coulter in the reduction 
divisions of the microspore mother-cell of G. Gnemon.t 

Lotsy § suggested the possibility that all the free nuclei of the “ fertile” 
(micropylar) region of the sac were descended from one of the two daughter- 
nuclei resulting from the first mitosis in the macrospore; those of the 
chalazal end from the other. The absence of dividing nuclei from his 
material “‘ made it impossible to follow this question up, yet it is a point of 
primary importance.” In view of what is now known of the origin of the 
endosperm in Welwitschia and in Gnetum, the point no longer possesses 
that degree of importance which in 1899 was very naturally attributed to it. 
In the early stages figured by Strasburger,|| as in those seen by us, the 
arrangement of the nuclei does not support Lotsy’s suggestion; and the 
later stages already known, or now to be described, indicate that the primary 
nuclei of the sac differ from one another only in the accident of position. 

One of the many puzzling features of the life-history of Gnetum has 
been the occurrence of fertilisation before the formation of endosperm in 
some species§ (G. Rumphianum, G. funiculare) and after it in others 
(G. Gnemon).** This difference of character has resulted in the informal 
separation of the species of Gnetum already investigated into “ Karsten’s 
Gneta ” and Gnetum Gnemon,tf the latter being regarded as “‘ an intermediate 
form between Welwitschia and the Gneta described by Karsten.’ tt 

Karsten’s statements, howover, do not justify such a conclusion. While 
fertilisation does occur in Karsten’s Gneta before septation begins,§§ this is 
not always the case, for, having described and figured the free nuclear sac of 
G. ovalifolium,|||| he proceeds, “In diesem Zustande nun erwartet der 
Embryosack den herannahenden Pollenschlauch. Eine weitere Differenzirung 
seines Inhaltes tritt nicht ein, héchstens spannen ein paar Plasmafiden im 
Scheitel von einer Seite des wandbelages zur andern, quer durch den 
Embryosack hindurch, oder es wird ganz in dem Chalazaende eine Hndo- 


* Pearson, 1909, p. 346, figs. 18, 19. 
+ Jaccard, 1894, p. 15, figs. 24, 25; Land, 1904, p. 10, figs. 38, 35. 
¢ Coulter, 1908, p. 47. 
§ Lotsy, 1899, p. 92. 
|| Strasburger, 1879, figs. 59, 61, 62, 63. 
4 Karsten, 18938, p. 356. 
** Lotsy, 1899, p. 98. 
tt Lotsy, loc. cit., p. 101; 1911, pp. 353, 359; Pearson, 1909, p. 357. 
tt Lotsy, loc. cié., p. 108. 
§§ Karsten, 1892, p. 212, figs. 8-11 (G. funiculare). 
|||| Karsten, 1893 B, p. 356, Taf. x, figs. 56, 57. 
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spermzellbildung um die freien wandstdindigen Kerne begonnen.” A similar 
formation of endosperm before fertilisation may also take place in 
G. Rumphianuwm, for in his earlier paper Karstein figures* a sac of this 
species “ unmittelbar vor dem eintreffen des Pollenschlauches,” in which the 
chalazal region shows the “anfang der Endospermbildung ”’—no less than 
13 multinucleate cells appearing in the section. It is clear, therefore, that 
in these two of Karsten’s species endosperm-formation does sometimes 
precede fertilisation. 

In Lotsy’s account of G. Gnemon he describes the sac awaiting fertilisa- 
tidn as “a sac constricted at some point below the middle, the lower end up 
to the constriction containing a prothallium, the part above it containing a 
large number of free nuclei. In this stage the embryo-sac can be fertilised, 
no further changes occur.” ¢ 

The last sentence has frequently been interpreted as meaning that the 
formation of endosperm to the extent described f{ 1s, in this species, constantly 
antecedent to fertilisation. This, however, was not Lotsy’s meaning, for on 
the same page he says, “this prothallum, as I will call it, is undoubtedly 
present, at least in many cases, before fertilisation has taken place.” And 
elsewhere § he states that “if no fertilisation occurs the embryo-sac becomes 
filled with endosperm.” Lotsy therefore leaves it an open question whether 
or not fertilisation may occur in G. Gnemon before endosperm-formation 
has commenced. A comparison of his figures 34 and 36 makes it clear that 
the amount of endosperm at the time of fertilisation is not constant. 
According to Karsten, therefore, fertilisation may occur in G. ovalifolium 
and G. Rumphianwm after the chalazal region of the sac is filled with endo- 
sperm, as, perhaps usually, is the case in G. Gnemon. Since in the latter 
species endosperm-formation proceeds towards the micropylar end of the sac 
if fertilisation is not effected, it is highly probable that this may take place 
also at a later period than those described by Lotsy, who does not definitely 
assert that it never precedes the formation of endosperm in the chalazal 
region. Coulter,|| on the other hand, states that in this same species all the 
sac-nuclei are free when fertilisation occurs. We have abundant confirma- 
tion of the accuracy of Lotsy’s account, but Karsten’s statements and, more 
particularly some new facts now established for G. africanum, make it 
probable that the condition described by Coulter may also occur; in other 
words, that both accounts are correct for G. Gnemon. The evidence as it 
stands seems to indicate that in any species fertilisation does not necessarily 
take place at any particular stage in the formation of the endosperm, though 


* Karsten, 1892, figs. 9,9. (here called G. edule, see Karsten, 1893 B, p. 338). 
+ Lotsy, 1899, p. 93. 

t Cf. Lotsy, loc. cit., figs. 34, 36, etc. 

Suloe.citis pe LOT. 

| Coulter, 1908, p. 44. 
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there may be a tendency for it to take place before (as in G. Rumphianum) 
or after (as in G. Gnemon) this has commenced. It cannot occur before the 
end of the last free nuclear division in the sac nor after the completion of the 
endosperm, because it is only between these two limits that female gametes 
are available.* It is probable that in every species hitherto investigated 
the conditions of the sac itself are favourable to fertilisation at any time 
between these two limits. 

Certainly this is the case in G. africanum, if we may assume that 
fertilisation immediately follows the introduction of the male gametes into 
the sac. In this species the pollen-tube reaches the sac before septation 
commences—?.e. while all the sac-nuclei are free—or at any stage in the 
formation of endosperm-tissue; and we have preparations in which the 
whole sac is filled with endosperm while the tips of the longest pollen-tubes 
are at various depths between the bottom of the pollen-chamber and the top 
of the sac, or, in some cases, the ovule is not pollinated. 

When the lfe-histories of these and other species are more fully known 
it will probably be found that in all of them the formation of endosperm 
beginning at the chalazal end of the sac proceeds gradually and without any 
marked interruption upwards until all the available and accessible t free 
nuclei have been utilised in fusion, and that fertilisation may occur at any 
time so long as there are free gametes in the sac. Gruven this condition, the 
time at which fertilisation is effected is probably determined by the accidents 
of pollination and the growth of the pollen-tube. The relations of the 
gametes to the endosperm are not the same in Gnetum as in Ephedra and 
the lower Gymnosperms. In the latter the endosperm, a prothallus, produces 
the gametes, and therefore necessarily precedes them in ontogeny. The 
constitution of the gametes is the essential condition which must be realised 
before fertilisation can take place. This implies a pre-existent endosperm 
(prothallus) in the lower gymnosperms, but notin Gnetum. In G. africanum, 
and probably in the other species as well, fertilisation appears to be quite 
independent of endosperm-formation except that when the latter process is once 
completed fertilisation is rendered impossible because the supply of female 
gametes is exhausted. These two processes are equally independent of one 
another in Welwitschia, but their independence is obscured by the extreme 
form of siphonogamy achieved in this genus; septation, the first step in 
the constitution of the endosperm, being also a necessary antecedent to the 
formation of the embryo-sac-tubes, and therefore to fertilisation. 

The account already givent of the septation of the sac and conversion 
of the multinucleate compartments into uninucleate cells by nuclear fusion 
is fully confirmed for G. africanum, and the same processes have now been 


* But see p. 248. 


t+ See p. 243. 
t Pearson, 1915 a. 


On Some Stages in the Life History of Gnetum. 247 


proved to occur in G. Gnemon* (Plate XLVIII, fig. 214, B). We have 
found no indication that a primary uninucleate endosperm cell is ever 
formed except in this manner. These processes commence at the chalazal 
end of the sac and proceed gradually, though sometimes a little irregularly, 
upwards. Sometimes a compartment may be formed above a number of 
nuclei which are not yet enclosed (Plate XLVII, fig. 18), and frequently 
the nuclei in lower compartments may still remain free when fusion has 
occurred in those above them (Plate XLVII, fig. 19). If the enclosed 
nuclei do not fuse—as occurs occasionally when an unduly small number is. 
enclosed—the compartment increases in size f and its protoplasm becomes 
highly vacuolated (Plate XLVI, fig. 19#). This is also true of similar 
compartments in the endosperm of Welwitschia.{ Nuclear fusion in an 
endosperm compartment is frequently followed immediately by cell-division 
(Plate XLVII, fig. 19D); whether occurring immediately or not, the cells 
resulting from the division are smaller than those which gave rise to 
them.§ 

It should be emphasised that, with the exception of such cases as that 
shown (Plate XLVII, fig. 19), in which the enclosed nuclei are always few 
in number, every cell of the primary endosperm is uninucleate, the nucleus 
being formed by gamete-fusion. When this nucleus divides a persistent 
cell-plate appears and uninucleate cells result; so far as is known this also 
is always true for the primary cells. In later stages, however, the endo- 
sperm cells may become multinucleate (Plate XLVIII, fig. 20), and 
frequently in the seed the endosperm appears to be mainly composed of 
multinucleate cells. There are some indications that this condition results 
from nuclear fragmentation; the appearance and reactions of the free 
nuclei are always consonant with the view that they are in process of 
degeneration. This multinucleate condition of the old endosperm cells of 
Gnetum is probably to be ascribed to the causes which produce similar 
results in the prothalli of Ephedra,|| Taxus,§7 and other of the lower 
oymnosperms. 

While the origin of the endosperm of the lower half of the sac is now 
known, that of the micropylar region is still in doubt. Lotsy ** describes 
it (in G. Gnemon) in the following terms: “About the time of the 
formation of zygotes it is seen that a greater or smaller number of the 


* Cf. Pearson, loc. cit., p. 321. 

+t This is probably the explanation of the curious cell figured by Lotsy (1899 
fig. 62), and described by him as an “ Archegonium-like formation.” 

ft Pearson, 1909, p. 353, fig. 38 B. 

§ Pearson, loc. cit., p. 8352. Cf. also Pearson, 19154, fig. 23. 

|| Strasburger, 1880, pp. 106, 109; Jaccard, 1894, p. 34. 

{| Jaeger, 1899. 

** Lotsy, 1899, p. 97. 
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nuclei of the fertile (i.e. micropylar) part of the embryo-sac surround 
themselves with a denser protoplasm and a membrane and thus form cells. 
I will call these retarded prothallium cells of the fertile part. They may 
form regularly in the neighbourhood of the young zygotes,* or they may be 
found rather irregularly distributed,+ or they may be limited to a very small 
number, frequently but one or two.t After these changes have taken 
place the réle of the fertile part of the embryo-sac has been played, nothing 
more occurs in it, it is gradually obliterated owing to the growth of the 
sterile part ; its retarded prothallium cells play no réle whatever.” It has 
been clear for a long time that “this account may require some amend- 
ment,” § but it is only lately that we have been able to obtain convincing 
evidence. 

Lotsy’s “retarded prothallium cells” are multinucleate endosperm cells 
of precisely the same kind and origin as those which are formed in the 
process of endosperm-formation in the chalazal region. The nuclei they 
contain are, as in the former case, unfertilised sac-nuclei. When there 
is little or no disturbance caused by the entrance of the pollen-tubes or the 
activity of the oospores, septation and nuclear fusion proceeds without any 
sign of interruption to the very summit of the sac. ‘Two of a series yielded 
by our preparations are shown in Plate XLVIII, fig.21 B (G. Gnemon), and 
Plate XLVIII, fig. 224, B (G. africanum). In the former (Plate XLVIII, 
fig. 218) a small part of the micropylar end is still unseptate; the endo- 
sperm below this is clearly of uniform origin (cf. Plate XLVIII, fig. 21 a). 
In the latter (Plate XLVIII, fig. 22) septation has proceeded to the 
summit of the sac; three of the uppermost compartments contain groups 
of free nuclei whose constituents are in process of fusion (Plate XLVIII, 
fig. 228). In Plate XLIX, fig. 23, which shows at least two oospores, 
numerous groups of free sac-nuclei are seen, though the preparation does not 
yield proof that cell-walls enclosing them have yet appeared. Plate XLIX, 
fig. 24, represents an interesting and not uncommon case in which the 
septation of the micropylar region is much less regular. This is almost 
certainly due to the influence of oospores, of which one (0) appears in the 
section. Septation at a particular point may be prevented, or multinucleate 
compartments may be destroyed, just as uninucleate endosperm cells are 
destroyed, by the oospores and proembryos. It is quite possible that a 
multinucleate compartment may sometimes suffer from the activities of a 
uninucleate endosperm cell in its neighbourhood. But there can be no doubt 
that compartments which do not succumb to the growth of the proembryo, 
or perhaps occasionally to the greater vigour of more advanced endosperm 


* Loe. cit., figs. 44, 45. 

+ Loe. cit., fig. 60. 

t Loc. cit., figs. 58, 55, 58. 
§ Pearson, 1915 A, p. 322. 
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cells, become a permanent part of the endosperm. In other words, the 
endosperm of the micropylar region is formed in exactly the same manner 
as that of the chalazal end. It is, therefore, a little misleading to call the 
micropylar region “fertile” and the chalazal “sterile.’”* Both regions 
alike produce sterile (endosperm) tissue and in the same manner ; fertilisa- 
tion is usually, though possibly not always, confined to the micropylar region 
merely because the pollen-tube enters it and the sperm-nuclei there meet 
with free female gametes. 

Owing, no doubt, to the disturbances caused by the entrance of the 
pollen-tube and the formation and growth of the odspores, it frequently 
happens that a few of the micropylar sac-nuclei, usually situated close to the 
wall of the sac, escape enclosure in an endosperm compartment (Plate 
XLIX, figs. 25 a,B). These do not fuse, and their appearance and reactions 
suggest that they play no further part in the economy of the sac; they 
occupy a position in the life-history which corresponds to that of the gametes 
in the embryo sac-tubes of Welwitschia which remain unfertilised. The 
“crowding out” of a few nuclei in this manner is not uncommon; a similar 
case is recorded by Lotsy.t The fact that this occurs at all is evidence for 
the view expressed later (p. 262) that the whole process of septation and 
nuclear fusion is due, in the main, if not entirely, to causes which are 
inherent in the physical and physiological conditions of the sac. Any of the 
sac-nuclei may be fertilised; any or all of them may fuse in groups after 
septation, producing endosperm; if, owing probably to simple mechanical 
causes, a number of them are excluded from both possibilities, neither the 
results of fertilisation nor of the nuclear fusion which produces primary 
endosperm cells are in any way interfered with, and the excluded nuclei have 
no future. These facts involve physiological questions of deep significance, 
but from a morphological point of view we are mainly concerned with the 
phylogeny of the nuclei; the fusion inter se is probably a new character, 
whose origin is to be sought in the conditions under which they are formed.f 

The endosperm later increases greatly in amount and becomes to some 
extent differentiated. Two massive growing points are organised, one at 
each end; that at the chalazal end is more active than the other; a result of 
its activity is the destruction of the pavement tissue § of the nucellus. The 
micropylar end advances into the nucellar cap ; in the most advanced stages 
seen by us, this region of the nucellus is reduced to a thin plate of crushed 
and disorganised cells (Plate XLVIITI, fig. 224, N). The peculiar form of 
the upper end of the advanced endosperm described by Coulter || for @. 
Gnemon has been seen in this species but not in G. africanum. 

* Lotsy, loc. cit. 

+ Lotsy, 1899, fig. 44, W. o. E. 

¢ Cf. Coulter, 1911; Pearson, 19154, p. 329. 

§ Coulter, 1908, figs. 2-34; Pearson, 1915 4, fig. 19. 

| Coulter, loc. cit., p. 45; fig.6. (Cf. Welwitschia, Pearson, 1909, figs. 89 I.K.) 
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Soon after the completion of the primary endosperm there commences at 
a point not far from the centre of its axis the differentiation of a small-celled 
tissue, which later becomes a very marked feature.* Longitudinal and 
transverse divisions result in the formation of a tissue of cells (Plate L, fig. 
26). These divisions extend upwards and downwards from the point at 
which they commence, and ultimately produce a columella-like cylinder, 
which extends without interruption from growing point to growing point, 
and is broad enough to be conspicuous to the naked eye in a bisected 
endosperm. Towards and into this cylinder the early growth of the pro- 
embryos is directed. In its early stages the cells contain no starch; later 
this region as well as the larger-celled peripheral portion of the endosperm 
are well provided with starch. The position, form and cell-characters of 
this “central cylinder” and its relation to the proembryos suggest that it is 
a simple form of absorbing, storage and conducting tissue. Whatever its 
precise functions, its presence and that of the two growing points indicate a 
considerable degree of differentiation.+ There is no doubt that the endo- 
sperm of Gnetum is not only a “ special formation,” but “an organism.” { 


4. THe O6sPORE AND PROEMBRYO. 


Cells believed to be odspores are shown in Plate XLIX, figs. 23 and 24. 
But as fertilisation has not been seen, nor the relations between these cells 
and the proembryos determined, their identification requires confirmation. 
It is not clear from Lotsy’s account that he saw the fusion of the gametes. 
He states that the odspores are distinguishable by the large size of their 
nuclei § and that they occur in pairs, each pair resulting from the action of 
the two sperm-nuclei from one pollen-tube. These odspores were later seen || 
to produce tubular proembryos. In G. ovalifolium and G. Rumphianum 
also each of the two sperm-nuclei of the pollen-tube fuses with a female 
gamete,{ but in G. africanum the number of odspores is certainly not regu- 
larly twice the number of pollen-tubes, since in some cases the sperm-cell 
contains only one nucleus when it reaches the sac (p. 236). 

Information regarding the details of fertilisation is greatly to be desired. 
In the case of Welwitschia, the protoplasm of the male cell plays an impor- 
tant part in the constitution of the odspore.** Since in Gnetum the female 
gamete is a free nucleus it might be anticipated that the same would hold 


* Coulter, loc. cit. 

+ Cf. Pearson, 1909, p. 371. 

t Lotsy, 1899, p. 93. 

§ Lotsy, 1899, p. 96. 

|| Lotsy, loc. cit., p. 97; fig. 55. 
{| Karsten, 1893, p. 372. 
** Pearson, 1909, pp. 361, 362. 
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good for this genus also. Karsten figures a generative cell of an unnamed 
species with a female nucleus lying in its protoplasm,* but free male nuclei 
are shown in the embryo-sacs of G. Rumphianum,t and Lotsy describes the 
passage of the generative nucle: into the sac,f and states that the fusion 
nuclei surround “themselves with a rather dense mass of protoplasm, which 
can be plainly distinguished from the protoplasm of the embryo-sac.” 
There appears to be a tendency to reduce the protoplasm of the male cell in 
the Gymnosperms.|| If, therefore, the male gamete is a free nucleus in 
Gnetum while in Welwitschia the whole cell is concerned in fertilisation, the 
difference is of interest. It has been suggested that an ancient character 
has reappeared in Welwitschia,§] probably as an adaptation to a unique 
method of fertilisation, itself perhaps part of a general adaptation to 
extremely xerophytic conditions.** It must nevertheless be regarded as not 
unlikely that, as is suggested by Karsten, the same character may be found 
in some species of Gnetum. 

In G. Gnemon the odspore produces a single proembryo.tt In other 
cases (G. ovalifolium, G. Rumphianum) the odspore immediately undergoes 
a series of successive free nuclear divisions from which there results a mass 
of proembryos.{{ This appears to be the case in G. africanum, in which a 
mass of cells, believed to be proembryos, are frequently seen near the 
summit of the endosperm in ovules with a single pollen-tube. In view of 
the behaviour of the oéspore in Ephedra and Welwitschia respectively, it 
will be of some interest should the occurrence of both these cases in Gnetum 
be confirmed. 

The proembryo becomes a long tubular cell, whose direction of growth 
is very irregular, but in general by way of the axial cylinder of the endo- 
sperm towards the chalaza. The single nucleus gives rise toa small number 
of free nuclei (Plate L, figs. 27, 28), which is probably a general character 
in Gnetum as it is in Ephedra and Welwitschia. Karsten figures a pro- 
embryonal tube of an unnamed species of Gnetum with two free nuclei§§ and 
implies that a similar stage is found in G. Gnemon and G. funiculare. Lotsy 
shows free nuclear stages in G. Gnemon,|||| and in G. ula,4]/4/ but with regard 


* Karsten, 1892, fig. 12. 

7+ Karsten, 1893, fig. 71. 

+t Lotsy, 1899, p. 95. 

§ Lotsy, loc. cit., p. 96. 

|| Nawaschin and Finn, 1912. 

{{ Nawaschin and Finn, loc. cit., p. 50. 
** Pearson, 1909, p. 387. 
tt Lotsy, 1899, p. 97, fig. 55. 
tt} Karsten, 1892, p. 239; 1893, p. 372. 
§§ Karsten, 1892, p. 230, fig. 29. 

|| || Lotsy, 1899, fig. 50. 
77 Lotsy, 1903, p. 399, figs. 8-12. 
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to the latter there is some doubt as to whether the multinucleate structures 
described and figured are proembryos.* Coulter describes the proembryos 
of G. Gnemon;+ as many as four free nuclei were observed. We find in 
G. africanum from two (Plate L, fig. 27) to five (Plate L, fig. 28); our 
material has not furnished any later stages. Coulter gives some further 
information regarding these, and Bower { has described the development of 
the embryo; there is, however, much yet to be learned about both. 


SUMMARY. 


1. Nucellus and Pollen-chamber. 

A disintegration of the nucellar cap tissue, in general similar to that 
described for G. Gnemon, frequently occurs also in G. africanum. It does 
not appear to interfere in any way with the functions of the ovule. 

The form of the pollen-chamber appears to be a specific character. 

The pollen-chamber of G. africanum often becomes partially filled by 
papilla-like cells growing down from the tissue blocking the micropyle. 


2. The Pollen-tube and Sperm-cell. 

In G. Gnemon and G. africanum the pollen-grains in the micropyle con- 
tain two or three free nuclei. If three are present, one does not enter the 
pollen-tube. The last is identified as the prothallial nucleus which, in the 
case of the 2-nucleate grains, has disappeared before pollination. 

In G. africanum the generative cell is organised soon after the beginning 
of germination. Later, this cell becomes binucleate; the two nuclei are 
unequal ; it is probable that sometimes one of them disappears before the 
pollen-tube reaches the embryo-sac. Rarely the protoplasm of the cell 
breaks into two uninucleate portions. The tube nucleus, usually smaller 
than the generative nucleus, usually disappears before the growth of the 
pollen-tube is completed. The first division of the generative cell into 
“body” cell and “stalk” cell is eliminated. 


3. Hmbryo-sac and Endosperim. 

The Mitoses in a free nuclear stage in G. africanum are simultaneous. 

_ The pollen-tube reaches the top of the embryo-sac before or at any time 
after the beginning and before the completion of endosperm formation. 
There is reason to believe that this is also true for other species. 

Endosperm is formed in the micropyle region of the sac in precisely the 
same manner as at the chalazal end, except that the processes of septation 
and nuclear fusion at any point may be interfered with by the activities of 
a pollen-tube or odspore. Under such circumstances a few of the sac- 


* Cy. lotsy, Jol praca: 
+ Coulter, 1908, p. 46, figs. 6, 7. 
~ Bower, 1882. 
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nuclei may escape enclosure in a compartment and so play no further part 
in the history of the sac. If fertilisation is not effected, endosperm-formation 
proceeds without interruption until it fills the sac. 

Occasionally, as in Welwitschia, an endosperm compartment encloses an 
unusually small number of free nuclei. In such a case fusion is certainly 
delayed and probably does not occur at all; the cell undergoes a great 
increase in size and probably in the end collapses under the pressure of the 
surrounding tissue. Apart from such cases, which in Ginetwm africanum 
appear to be rare, the primary endosperm (compartments always enclose 
many free sac-nuclei, so far as is known, the primary endosperm-cell being 
later constituted by nuclear fusion. In the seed the endosperm-cells are 
very frequently multinucleate, the nuclei showing signs of deterioration. 
This condition is possibly attained by nuclear fragmentation. The endo- 
sperm organises two growing points, one at each end, and an axial column of 
small cells among which the growth of the proembryos mainly takes place. 


A. The Odspore and Proembryo. 

In G. africanum the odspore almost certainly gives rise to a small mass 
of proembryos. Hach proembryo becomes a long tortuous tubular cell 
containing a number of free nuclei, as indicated by Karsten, Lotsy, and 
Coulter for other species. 


When the outstanding facts of the life-history of Welwitschia were 
presented certain theoretical questions, arising from the peculiar characters 
of endosperm found in that genus, were discussed.* More particularly, 
attention was directed to the possibility of the endosperm of the Angiosperm 
being derived from a more primitive form whose main characters are pre- 
served in Welwitschia. The use of the characters of the sac of Welwitschia 
in attempting to establish a hypothesis of this nature was always open to 
the criticism that their value as evidence of phylogeny is problematic, owing 
to the aberrant characters of this highly-specialised genus. But the value 
of the evidence furnished by Welwitschia can no longer be doubted now 
that it is established that the same type of endosperm, in a less specialised 
form, occurs also in Gnetum. While the case from the side of the Gnetales 
has been thus strengthened, later researches have not justified certain con- 
clusions then adopted regarding the Angiosperm-sac. Also there seems 
now to be a possibility of relating the Gnetum and Welwitschia type of 
endosperm to the prothallus of the lower gymnosperm—a possibility which 
was not then clear. Consequently it seems desirable to restate the case in 
the light of such new facts as appear to be relevant.f 

* Pearson, 1909. 

+ The endosperm-hypothesis as stated in 1909 has been reviewed by Lotsy (1911) 


and by Samuels (1912). It is rejected by the former (see Pearson, 19154, pp. 324— 
327), and favourably considered by the latter. 
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The nuclei which, in Gnetum and Welwitschia, fuse to form the nuclei 
of the primary endosperm-cells are potential gametes which lose this 
potentiality by fusing. This statement rests upon the following evidence: 


1. All the nuclei present in the sac at the end of the free nuclear 
condition are alike in all visible characters and reactions and in origin, 
from which they are equally distant, i.e. they are all of the same 
nuclear-generation. 

2. Hach sas-nucleus follows one of three courses, viz. (1) it becomes 
fertilised, (2) it fuses with other sac-nuclei to form a primary endo- 
sperm nucleus, (38) it does neither, in which case it participates no 
further in the life-history.* 

3. In some species of Gnetum (G. africanum, G. ovalifolium, G. 
Rumphianum), fertilisation may take place while all the sac-nuclei are 
still free. In this case, according to Karsten,t ‘jeder einzelne der 
siammtlichen kerne des Embryosackes gleich geeignet als Hikern zu 
fungiren.” In Welwitschia, under some circumstances, all the sac- 
nuclei may remain free} and in their appearance and reactions resemble 
those which are fertilised. 

4. All the sac-nuclei may participate in the endosperm fusions, 
in which case fertilisation is of course impossible. This occurs not 
uncommonly in Gnetum and occasionally in Welwitschia. In Gnetum 
it is due to the late arrival of the pollen-tube (p. 240), in Welwitschia 
to causes which interfere with the normal growth of the sac in its early 
stages. § 

5. In Welwitschia the gametes in the embryo-sac tube may fuse to 
form a fusion-nucleus in all respects like that of a uninucleate endo- 
sperm-cell.|| A small tissue of seven cells seen in an embryo-sac tube § 
is interpreted as an endosperm formed by the division of such a 
nucleus. 

If, then, both in Gnetum and Welwitschia, al/ the sac-nuclei may 
participate in the endosperm-fusions while under other circumstances some 
of them become fertilised; if, further, all the sac-nuclei are potentially 
sexual, as is asserted by Karsten for Gnetum, and as seems to be indicated 
for Welwitschia by the abnormal case referred to in § 3 above; while in both 
cases they are all equal in origin, descent, and visible characters, the state- 


* Viz. The unfertilised gametes in the embryo-sac-tubes of Welwitschia and 
those micropylar nuclei of Gnetum which are not fertilised and are “crowded out” 
from the endosperm-fusions (fig. 25, a, B). Cf. Lotsy, 1899, fig. 44, W.o.H. 

+ Karsten, 1893, p. 357. 

¢ Pearson, 1909, p. 353. 

§ Pearson, 1909, p. 354. 

|| Pearson, loc. cit., figs. 30 a, B. 

4 Pearson, loc. cit., fig. 37 4, ef. fig. 37 B. 
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ment that “ the nuclei which, in Gnetum and Welwitschia, fuse to form the 
nuclei of the primary endosperm-cells are potential gametes which lose this 
potentiality by fusing,” would appear to be fully justified. 

A more detailed examination of the facts established for Gnetum and 
Welwitschia shows that of the three courses which a sac-nucleus may follow, 
(1) its exclusion from further participation in the life-history is due entirely 
to the accident of position in both genera; (2) in Gnetum its fertilisation or 
inclusion in the endosperm-fusions is determined (a) by the time of arrival 
of the male gamete, (b) by its position with reference to the point in the sac 
to which the male gamete is carried by the pollen-tube. In Welwitschia 
this alternative is decided mainly by its position in the sac—the greater 
elongation of the micropylar region making for the retention of sexual 
characters, the lesser growth of the chalazal and middle regions for endo- 
sperm-fusion.* 

Lotsy,t in criticising this conclusion (that the free nuclei of the sac are 
all potential gamete-nuclei), considers that all nuclei of an x generation are 
of equal value, and one can, if one wishes, consider all to be potential 
gamete-nuclel. This seems to depend upon the exact meaning of the term 
“potential gamete.” This term was formerly used,f and is now used, of 
nuclei which, given the opportunity, will fuse with a male gamete to produce 
a new sporophyte. There is, as we have tried to show, good reason to believe 
that all the sac-nuclei after the last free-nuclear mitosis in Gnetum and 
Welwitschia are potential gamete-nuclei in this sense. This is not the case, 
for example, in Pinus: the gamete is not present among the free sac-nuclei ; 
it appears at the end of a series of divisions which are undergone by a few 
of these nuclei only. The rest form prothallial cells, which, like all their 
descendants, are entirely vegetative in function; they are not potential 
gametes, nor do they produce potential vametes. It is true that there seems 
to be a tendency among the Coniferae towards the condition in which all the 
sac-nuclei are potential gametes, as they are in Gnetum and Welwitschia 
(see p. 248). But no Conifer so far described has yet reached this condition. 
Whether the physiological difference between a gamete-nucleus and a 
vegetative nucleus, as these appear in the Conifer sac, is great or small, the 
difference exists. Our position is that this difference no longer exists in 
Gnetum and Welwitschia; all the sac-nuclei present in these genera before 
septation begins are believed to be potential gametes in the sense defined 
above. Lotsy’s comparison of the nuclear fusion which occurs in the 
prothallial cells of Taxus, Ephedra, and other of the lower gymnosperms with 
the nuclear fusion in the endosperm compartments of Welwitschia is not 
valid because (1) the fusing nuclei in the former cases are not gametes, and 

Pearson, 1909. 


* 
7+ 1911, p. 340 
~ Pearson, 1909. 
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(2) the results of the fusion are entirely different. This question has already 
been dealt with.* 

Systematic writers frequently use as a distinguishing character between 
the Angiosperms and the Gymnosperms, the formation of endosperm before 
fertilisation in the latter, after in the former. In certain species of Gnetum, 
possibly in all, either condition may occur. Here, then, the character is of 
little importance. But inall species of Gnetum, as in Welwitschia (and in the 
Angiosperms), the gametes are always constituted before the formation of 
endosperm commences. One most outstanding character of the prothallus is 
that it produces the gametes if these are not eliminated from the cycle. If 
both prothallus and gametes are present, the former precedes the latter in 
ontogeny. The characters of the fusion-nuclei also are not those of a 
gametophyte. In a hfe-history which includes reduction phenomena of a 
normal character, a tissue whose nuclei contain a number of chromosomes 
which is not constant, but always greater than that characteristic of the 
sporophyte, can hardly be regarded as a gametophyte. Therefore to apply 
the term “ prothallus” to the endosperm of Gnetum or Welwitschia is, in 
our view, a quite unjustifiable ‘ Spiel mit worten.” + 

On the other hand, there appears to be no reasonable ground for regard- 
ing this tissue as a sporophyte. The sperm-nucleus takes no part in its 
formation—it is formed even in ovules which are not pollinated—and there is 
no evidence whatever that it is a monstrous embryo of apogametic origin. 
The number of the fusing nuclei, the number and character of the fusion- 
nuclei and all the circumstances of the fusion are opposed to this view. 

It appears to be more in harmony with the facts to regard the endosperm 
of Gnetum and Welwitschia as a tissue, probably rather an organism,t 
which has been “side-tracked” from the direct line of the life-cycle—a 
“by-product resulting from the fusion of potentially sexual nuclei, and 
functioning in the same manner as the prothallus of the lower seed-plants 
which it replaces in the nutrition of the embryo.§ In order to emphasise 
the fact that it is neither a gametophyte nor a sporophyte, it was proposed 
to designate it “trophophyte.” § In view of the recent additions to our 
knowledge of the life-history of Gnetum, this proposal seems unobjectionable 
so long as there is no implication that the trophophyte is a new “ genera- 
tion’ intercalated into the life-cycle. Diagrammatically its place in the life- 
cycle may be represented as on the following page. 

There are two marked differences between the endosperms of Gnetum 
and Welwitschia, viz. (1) the septation in Gnetum occurs progressively from 
the base upwards; in Welwitschia it is practically simultaneous throughout 


* Pearson, 1915 a, pp. 324-327. 
+ Lotsy, 1911, p. 340. 

t Lotsy, 1899, p. 93. 

§ Pearson, 1909, p. 355. 
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the length of the sac*; (2) in Gnetum fertilisation occurs within the sac 
before septation is completed or even begun ; in Welwitschia fertilisation is 
effected after the completion of septation and not in the sac, but in the 
nucellar cap into which the female gametes are conducted by tubular pro- 
longations of the compartments in which they are enclosed—embryo-sac 
tubes.f A reasonable view of the relations between these forms, as indicated 
by the differences disclosed in the development of their sacs, is that Gnetum 


is the more primitive.{ The formation of primary endosperm-cells by 


septation and nuclear fusion occurs throughout the sac in both cases. But 
these processes are completed more rapidly in Welwitschia than in Gnetum, 
and to this is due the fact that the functional gametes are enclosed in a 
compartment in the former case, free in the sac in the latter. The speeding 
up of these occurrences in Welwitschia may perhaps be correlated with the 
extreme form of siphonogamy which prevails in this genus, and this may 
quite well be of the nature of an adaptation to the necessity for shortening 
* Pearson, 1909, p. 351. 


t+ Loc. cit., p. 349. 
~ See p. 240. 
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the period separating the beginning of spore-germination and the consum- 
mation of fertilisation—an adaptation to zerophytic conditions.* On this 
view the embryo-sac of Welwitschia in its development up to the stage of 
fertilisation is highly specialised. Strasburger thought that no great weight 
was to be attached to the occurrence of embryo-sac-tubes in Welwitschia. 
But the relationships between Gnetum and Welwitschia would be established 
on a sounder basis if any indications of a tendency to form such structures 
were recognised in Gnetum. So far there is no reliable evidence of such a 
tendency. On the analogy of the pollen-tube, it might be anticipated that 
the embryo-sac-tube in its original form was haustorial infunction. Tubular 
prolongations, presumably haustorial, from the micropylar end of the sac 
are described for Gnetum funiculare and G. verrucoswm,t but since these are 
formed very early in the development of the sac and are destroyed { long 
before its septation, there is little or no justification for regarding these as 
in any way related to the embryo-sac-tubes of Welwitschia. Lotsy § has 
recently adopted the view that structures in the embryo-sac of .G. Ula, which 
he first regarded as apogametic embryos,|| are more probably the homologues 
of the embryo-sac-tubes of Welwitschia. But, owing to the imperfections 
of his material, the life-history of this species is only very partially known, 
and the value of the suggestion is consequently doubtful. But at least it 
directs attention to the possibility of gaining further knowledge of the origin 
of these remarkable structures and, incidentally, of the relationships between. 
Gnetum and Welwitschia, from species of Gnetum of which at present little 
or nothing is known save the fact of their existence. 

The phylogeny of the Gnetum type of embryo-sac is at present obscure.. 
Prominent among the facts which justify the conclusion that it was imme- 
diately derived from that of the lower seed-bearing plants are the existence 
of Ephedra, which retains the intrasporic prothallus, and the characters of 
the nucellus, of the micropyle and of the pollen-grain in Gnetum and 
Welwitschia. It has been shown (p. 236) that the pollen-grain, both in the 
course of its development from the microspore and in its later germination, 
exhibits unmistakable signs of affinity with the gymnosperm pollen-grain. 
It is probable that the products of the germination of the macrospore are 
equally related to those which are typical of the lower gymnosperm. There 
are no grounds for seeking elsewhere for the origin of the Gnetum sac. 

The fundamental differences between the sac of the lower Gymnosperm 
and that of Gnetum are: (1) The presence of vegetative tissue of the 
gametophyte in the former and its complete absence from the latter ; 


* Strasburger, 1872, p. 295; Pearson, 1909, p. 387. 
+ Karsten, 1893, pp. 354, 355, Taf. 9, figs. 45, 46. 

£ Loc. cit., p. 354. 

§ Lotsy, 1911, pp. 350-352. 

|| Lotsy, 1908. 
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(2) the presence of archegonia in the former and their complete absence 
from the latter; (8) the reduction of the odsphere of the former to a free 
nucleus in the latter. These differences are physiologically very considerable. 
Nevertheless, if the one sac is directly derived from the other, there is every 
reason to suppose that it is the consequence of a comparatively simple series 
of reductions, a series, perhaps, not less simple than those which have 
resulted in the reduced type of pollen-grain. Primd facie it is not 
improbable that parallel series of reductions affecting the development of 
the free microspore, and the macrospore retained permanently within the 
sporangium, should produce very divergent results. In the case of the 
pollen-grain the autophytic prothallus of the pteridophyte has lost its 
assimilating function and undergoes its shortened development under new 
physiological conditions. But the physiological changes which are bound 
up with the evolution of the prothallus of the seed from the free-living type 
are more considerable. While the development of the macrospore is much 
less shortened than that of the microspore, it has not only lost the power 
of assimilation, but, for a prolonged period, it leads the life of a parasite, 
becoming in due course the host of a new parasitic sporophyte. It is not 
unlikely, therefore, that its stability is considerably impaired, and that 
a further series of reductions should produce results apparently out of 
proportion to the causes to which they are immediately due. 

If we may assume the existence of certain tendencies and their complete 
realisation in the final stages of the evolution of the Gymnosperm prothallus, 
the conditions now obtaining in the embryo-sac in certain species of Gnetum 
could be realised. These tendencies are: (1) The extension of the poten- 
tialities of an Archegonium-initial nucleus to every nucleus in the sac ; 
(2) the reduction of the Archegonium to one (or more) gametes; (3) the 
organisation of these at a period antecedent to the formation of cell-walls. 

During recent years a number of Gymnosperms have been investigated 
in which the Archegonia (or archegonial initials) are very numerous and 
irregularly distributed upon or within the prothallus. These occur both in 
the Cycads (Microcyeas)* and in the Conifers (Araucaria,t Agathis,{ 
Sequoia,§ Widdringtonia,|| Callitris,4/ Actinostrobus **). In Sequoia the 
pollen-tube appears to exercise at least a directive influence upon the 
development of the archegonial initial.tf In Widdringtonia, Callitris, and 

* Caldwell, 1907. 

+ Seward and Ford, 1906, pp. 366, 367. 

t+ Hames, 1913, p. 5. 

§ Lawson, 1904. pp. 14 and 599, fig. 17. 

|| Saxton, 1910 a, text-fig. 1. 

{ Saxton, 1910 B, p. 560. 

** Saxton, 1913, p. 327. 


tt Lawson, 1904, p.17; 7. e. not confined to a group at the micropylar end of the 
prothallus. 
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Actinostrobus the position of the pollen-tube ‘determines which of the 
very numerous archegonial initials become functional archegonia.” * It is, 
therefore, clear that nuclei in any part of the prothallus in some Conifers | 
may acquire the potentialities of those of archegonium-initials, though these 
potentialities sometimes owe their realisation to conditions not inherent in 
the prothallus. If this is the expression of a tendency which develops as 
the evolution of higher forms proceeds in the Conifers or other archegoniate 
seed-bearing groups, its complete development will convert the prothallus 
into a mass of archegonia, with the elimination of all vegetative tissue. 
That there is adequate evidence of the existence of such a tendency in the 
Coniferae is the opinion of some who have made a study of the group.t 

Coulter and Chamberlain recognise a further tendency “among Pina- 
ceae, and notably among Coniferales in general . . . to develop arche- 
gonia earlier and earlier in the ontogeny of the gametophyte, a tendency that 
expresses itself somewhat irregularly but none the less clearly, and that 
reaches its extreme expression in the appearance of archegonial initials 
immediately after the free nuclear stage of the gametophyte.”t This con- 
dition is attained, for example, in Torreya, in which “ any earlier differentia- 
tion would occur in the stage of the free nuclei and would result in the 
selection of eggs and in the elimination of archegonia.”§ Cupressus Ciove- 
miana is stated by Land,|| on evidence furnished by Juel,4] to have taken “a 
step beyond the archegonium and formed free eggs.” Sucha case occurring 
among the Conifers would be of particular interest, but Land’s statement 
goes beyond Juel’s facts. The latter found that cell-formation in the 
embryo-sac failed in nearly all cases studied, but “einmal fand ich ein 
zelliges endosperm mit jungen Archegonienlagen.” ** Fertilisation was not 
observed ; failing this, it is impossible to regard the free nuclei of the sac 
as gametes. The one case in which the formation of vegetative cells and 
archegonial initials was observed rather suggests that the majority of the 
ovules were immature or abnormally developed in the artificial conditions || 
under which the tree was growing. 

The typical form of archegonium in the gymnosperms is already greatly 
reduced ; reduction carried very little further would eliminate all but the 
essential part of it, the gamete. The neck-canal cell has disappeared and a 
general tendency to eliminate the ventral canal cell is recognised. tf 

There is, therefore, some evidence that these tendencies do exist among 


* Saxton, 1913, p. 327. 
+ Coulter, 1909; Saxton, 1918; Land, 1907. 
t Coulter and Chamberlain, 1909, p. 263. 
§ Idem, loc. ctt., p. 330. 
|| Land, 1909, p. 285. 
q{ Juel, 1904. 
** Juel, 1904, p. 57. 
t+ Coulter and Chamberlain, 1910, p. 420. 
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the Coniferae and that they are not confined to this group. An embryo-sac, 
in which all three have reached their utmost limits, would contain free 
nuclei, each nucleus being capable of functioning as a gamete—the condition 
believed to be realised in Gnetum and Welwitschia before septation. 

In the primitive condition of such a sac it is probable that fertilisation 
would occur while all the nuclei were still free—as in species of Gnetum. 
The free gamete-nuclei which remained unfertilised would constitute the 
only material from which a new nutritive tissue for the needs of the embryo 
could be organised. Of the factors which led to the septation of the sac- 
protoplasm and the fusion of the free nuclei enclosed in each compartment 
so formed, we have no knowledge. Asa result of such a series of reductions 
as has been assumed, new physical and physiological conditions would pre- 
vail in the sac. It is possible that the causes inducing the new behaviour 
both of the protoplasm and of the free nuclei were inherent in the physical 
and physiological conditions prevailing in a large cell under uniform 
pressure with vacuolated protoplasm and many nuclei, none of which 
possessed a full complement of vegetative characters. 

There is not sufficient evidence at present available to justify the direct 
derivation of the embryo-sac of Gnetum and Welwitschia from that of the 
Coniferales. The seed appeared independently in more than one group. 
‘The tendencies which seem to be present in the evolution of the prothallus 
in the Conifers and less certainly in the Cycads, probably existed in all 
primitive seed-bearing groups, and may have prevailed in more than one. 
It is true that Ephedra “is most reasonably connected with the Coni- 
ferales,’ * and that striking comparisons can be instituted between Gnetum 
and certain Conifers.+ But the relationships of Gnetum and Welwitschia 
to Ephedra are by no means clear, and Ephedra possesses very marked 
characters which do not occur in the Coniferales. Land’s conclusion that 
“there is no proof that the Gnetales have been derived from or are directly 
related to any living group” t is still fully justified. 

A morphological comparison of the embryo-sac and endosperm of 
Gnetum with those of the Angiosperm is inevitable, because (1) the primary 
endosperm-nucleus or nuclei are in both cases constituted by the fusion of 
nuclei related in the same manner and degree to the functional gamete; (2) 
the physiological results of the fusion are closely similar; and (3) these, 
with Welwitschia, are the only known cases in which endosperm is formed 
in this manner.§ 


* Coulter and Chamberlain, 1910, p. 402. 

+ Cf. Saxton, 1918, p. 340. 

+’ Land, 1907, p. 288. 

§ Land (1907, pp. 278, 279) calls attention to the occurrence in Ephedra of an 
intra-archegonial “ephemeral nutritive mass” whose origin and structure are 
obscure. He sees in this “a suggestion of the origin of endosperm . . . in the 
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We may first consider some characters of the Angiosperm-sac which 
appear to possess importance in this connection. In the form most 
commonly met with, the 8-nucleate sac, the nuclei show a considerable 
degree of physiological differentiation ; six of them are incorporated in units 
of protoplasm, two remain free; of these, only one normally functions as a 
gamete; three, frequently increased by division (antipodals) seem either to 
be of no physiological account or to be concerned in the nutrition of the sac 
in its early and middle stages; two (synergids) are very definitely associated 
with the odsphere in the egg-apparatus ; the two free nuclei fuse to form the 
primary endosperm-nucleus. There are, however, many cases in which a 
much lower degree of differentiation obtains. The function of the odsphere 
may be performed by a synergid ;* embryos are said also to arise from 
antipodal cells and from polar nuclei; + in Alchemillat all the antipodals, 
as well as the polar-nuclei, are included in the fusion which constitutes the 
primary endosperm-nucleus. 


TasLe [. 
Total | Fusi | 
ta : | using | . 
pacennclen Bymerg ids: | sac nuclei. | Sabor: 

Euphorbia virgata§ . , : 16 il 14 | 0 
E. procera|| : ; : ; 16 22 4. 3? 
E. palustris§. : 4 16 2? 4 3°? 
Peperomia hispidulas ; : 16 il 14 | O 
P. pellucidag . ’ : 16 i | 8 6 
Penaeaceaes. : | 16 2? 4, 5 or 6 3P 
Gunnera§ . : s 16 2 ii 6 
Some Podostemaceae$ : F 4 2 0) 0 
Cypripedium . : : : 4, I 2 0 


The sac-nuclei are frequently less or more than eight in number. In 
these we find varying degrees of specialisation and varying numbers of 
fusing-nuclei. The numbers of synergids, fusing-nuclei, and antipodals found 
in some of these are contrasted in Table I. 

These differences in the number and behaviour of the sac-nuclei are very 


strict Angiosperm sense.” The appearance in Ephedra of an endosperm of the same 
character as that of Gnetum is not improbable, and its recognition would be of great 
interest. The facts at present known regarding this “nutritive mass” are not 
sufficient to justify a comparison. 

* Coulter and Chamberlain, 1903, figs. 102, 103. 

+ Loc, cit., Guignard, ex 221; Opperman, 1904. 

+ Murbeck ex Coulter and Chamberlain, 1903, p. 98. Apparently the number 
of fusing-nuclei is very inconstant. 

§ See Table IT. 

|| Modilewski, 1908. 

§ Modilewski, 1911. 
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striking, and any explanation of the origin of the Angiosperm-sac and of 
the significance of the endosperm-fusion must take them into account. At 
least the following conclusions are clearly indicated, viz.: (1) The number 
of the sac-nuclei is not constant; the functions of the sac may be ade- 
quately performed by 4, 8, or 16 sac-nuclei; (2) the degree of differentiation 
exhibited by the sac-nuclei varies within wide limits ; (38) the gamete char- 
acters are not always resident in the odsphere alone; (4) the production of 
the primary endosperm-nucleus by the fusion of two polar-nuclei is not in 
any way dependent upon any specific characters present in the latter and 
absent from other sac-nuclei. 

The first three of these conclusions, which are completely established by 
the facts, constitute evidence in favour of the view that the Angiosperm-sac 
is descended from one in which the nuclei were not differentiated at all. 
Such a sac is known in Gnetum and perhaps also in Juglans *—a sac in 
which all the free nuclei are believed to be potential gametes, 7. e. actually 
capable of being fertilised. It is therefore suggested that in exactly the 
same sense as the odsphere-nucleus of the Angiosperm is homologous with 
the female gamete of Gnetum, so the other sac-nuclei of the Angiosperm are 
homologous with those of Gnetum, and therefore the endosperm of the 
Angiosperm is homologous with that of Gnetum. With regard to the last, 
Coulter ¢ lays stress on the fact that the endosperm of the Angiosperm is 
undifferentiated—“ growth, not organisation.” Its undifferentiated character 
compared with Gnetum (p. 243) is explicable if it be a reduced form. The 
fact that five of the Angiosperm-nuclei have usually acquired new functions 
which prevent them from being fertilised and from participating in the 
endosperm-fusion does not affect this homology, though it places difficulties 
in the way of its recognition. 

A marked feature of the sac in probably the majority of the Angiosperms 
is its polarity, which has usually exercised a considerable influence upon the 
theories advanced to explain the origin of the sac in this group. It is con- 
ceivable that this character has favoured the development of that degree of 
specialisation which we find among the sac-nuclei. The egg-apparatus, in 
which the retention of sexual characters 1s most marked, generally occupies 
the position which is most favourable to fertilisation; the antipodal group, 
in which vegetative characters are most strongly developed, is placed where 
it can most efficiently perform a nutritive function. With regard to the 
polarity itself, it may be noted that it could not be strongly marked in a sac 
crowded with nuclei like that of Gnetum; the fact that there are few nuclei 
in the sacs of most Angiosperms may of course. be quite unconnected with 
their strong polarity, but when there are many (Huphorbia virgata, Peperomia 
hispidula, Juglans, etc.) they are not usually segregated into groups at the 


* Nawaschin, 1895; Karsten, 1902. 
+ Coulter, 1911. 
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poles of the sac, and they usually show a lower degree of specialisation than 
in a sac in which polarity is strongly developed. 

The fact that most of the sac-nuclei (sometimes only a small minority) 
are incorporated in units of protoplasm is a character of the Angiosperm as — 
compared with Gnetum. The transition from the state of a free nucleus to 
that of a uninucleate-cell is very frequently effected in the ontogeny of the 
individual. In Gnetum and Welwitschia we have examples in the constitu- 
tion of the generative-cell in the pollen-grain or pollen-tube, and, if Karsten 
and Lotsy are correct in stating that the male gamete functions as a free 
nucleus, in the cell-formation which must immediately precede or follow 
fertilisation. The nuclei of the Angiosperm-sae are free in their earlier 
stages ; the later incorporation of some of them in uninucleate-cells does not 
invalidate a comparison with the free nuclei of Gnetum. 

We have already seen that the fusion which produces the primary 
endosperm-nucleus does not depend for its success upon any particular 
morphological or physiological characters inherent in the polar-nuclei as 
such. For the further consideration of this question reference may be 
made to Table II wherein are diagrammatically indicated certain characters 
of ten selected embryo-sacs.* In each case the descent of the sac from the 
mother-cell is traced, the nuclei present in each generation being indicated 
by dots. The nuclei which fuse to form the primary endosperm-nucleus 
are enclosed in an inner figure.t The participation of the second sperm- 
nucleus in the fusion is disregarded (see p. 264). The embryo-sac in 
the forms represented may reach the condition in which it is ready for 
fertilisation immediately after the 6th, 5th, 4th, or 38rd simultaneous nuclear 
division, commencing with and including the first division of the mother- 
cell. For the sake of convenience these are called the 7th, 6th, 5th, or 
Ath nuclear generation, respectively. In Euphorbia virgata (Col. i) the 
embryo-sac is matured in the 7th nuclear generation, in most Angiosperms 
(Col. 11) in the 6th, in six other cases (Col. ii—viil) in the 5th; in Lilium 
and Cypripedium (Cols. ix, x) in the 4th. 


* Little of the very extensive literature on this subject is available here. The 
information contained in the table is derived from— 
Dessiatoff, 1911 ex Samuels, 1912 (Euphorbia virgata). 
Johnson, 1914 (Peperomia hispidula). 
Campbell, 1908; Brown, 1908 (Peperomia pellucida). 
Stephens, 1909 (Penaeaceae),. 
Samuels, 1912 (Gunnera). 
Modilewski, 1909 ex Samuels, 1912 (Onagraceae). 
Went, 1908 (Podostemaceae). 
Pace, 1907 (Cypripedium). 
The macrospore mother-cell is indicated in the table by the symbol 6. 
+ Except in Column vii. We have not access to Modilewski’s original paper, and 
the details of the endosperm-fusion are unknown to us. 
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In these cases the number of sac-nuclei taking part in the endosperm- 
fusion varies from 0 to 14 (see Table I). Further, while the fusing-nuclei 
are always of the same generation* as the odsphere-nucleus, their number 
is in no way dependent upon the generation to which they belong, e.g. 
there are 

14 in the 7th and 5th generations (Cols. 1 and i). 

2 in the 6th and 4th generations (Cols. u1, ix, x). 

14, 8, 7, 6,+ 5,¢ 4, or 0 in the 5th generation (Cols. in, iv, v, vi, vill). 
These facts establish at least a probability that the essential character 
which qualifies a sac-nucleus to participate in this fusion is its freedom. 
In all cases included in the table this is the only obvious character 
possessed by these nuclei which is not shown ‘by others which do 
not join in the fusion. The inconstancy of the number of fusing-nuclei 
in certain cases—4, 5, or 6 in Sarcocolla squamosat—shows that, in 
these at least, the number is determined by circumstances, not by 
fixed characters inherent in the nuclei themselves. In Cypripedium a 
synergid§ which becomes free from the egg-apparatus and wanders down 
the sac, fuses with the single antipodal nucleus. It appears from the 
description that the synergrid-cell as a whole undergoes this change of 
position “as if it were being pushed from its actual position by the inrush 
of the contents of the (pollen) tube.’ It therefore enjoys the same 
freedom as a free nucleus. The opportunist character of its participation 
is suggested by the possibility that it sometimes fails.|| In Went’s. 
Podostemaceae, the primary antipodal nucleus develops no further, and 
there is therefore only one polar nucleus; no fusion occurs and no endosperm 
is formed. In Peperomia hispidula, the sac contains only two cells, viz. 
one synergid and the odsphere; all the other nuclei are free and these all 
fuse. Similar conditions and the same results are seen in Huphorbia 
virgata.** Peperomia pellucida with a two-celled egg-apparatus and six 
peripheral-cells in the antipodal region leaves only seven nuclei free 
for the endosperm fusion.tt The difference between this species and 


* In Pandanus, in which the antipodal-nuclei are of a later generation than the 
odsphere and the upper polar, a varying number of antipodal-nuclei—one to six or 
more, usually two or three, fuse with the single upper polar-nucleus to form one, 
sometimes two primary endosperm-nuclei. Campbell, 1911. 

+ Occasionally five or six sac-nuclei take part in the fusion in the Penaeaceae 
(Stephens, 1909, p. 367, figs. 20 B, 23). 

~ Stephens, loc. cit. 

§ Pace, -907, p. 359. 

|| Loc. cit., p. 360. 

§] Johnson, 1914, fig. 84. (The details of certain abnormal cases were not fully 
interpreted, loc. cit., p. 369, fig. 87). 

** Vide Samuels, 1912, p. 104. 
+t Campbell. 
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P. hispidula is of particular interest; in each case the fusing-nuclei are 
all those which are free. In Gunnera macrophylla there are seven free 
nuclei which all fuse.* In the 8-nucleate sac of Alchemilla sericata, the 
antipodal nuclei remain free and all four fuse with the upper polar.t These 
facts certainly afford strong support to the opinion already expressed by 
Coulter, that the ‘conditions in the embryo-sac favour fusion of any free 
nuclei, in any number and of any origin.’ { But if the whole explanation 
of the act of fusion is found in the fact that the participants are free to 
respond to conditions favouring fusion, these conditions being inherent in 
the structure of the sac, the results of the fusion itself may nevertheless 
be of profound importance. By hypothesis, the fusing-nuclei in their 
primitive form were potential gametes; in any particular case they may 
or may not have undergone a measure of reduction. If they have so far 
reverted to the conditions of vegetative nuclei that they can directly produce 
a nutritive tissue, then an endosperm may be formed without fusion. 
Otherwise the formation of an endosperm appears to be dependent upon 
nuclear fusion which is comparable with the act of normal fertilisation 
in so far as it produces a stimulus to vegetative growth.§ We should, 
therefore, expect to meet cases in which the endosperm is eliminated if 
no fusion occurs, as in Went’s Podostemaceae ; || and others in which the 
vegetative characters of some of the sac-nuclei are sufficiently developed 
to enable them to produce a vegetative tissue without fusion, as in Helosis 
and a few other forms.4{ A vegetative tissue so formed by the polar or 
any other of the sac-nuclei is, on the view adopted here, the morphological 
equivalent of that which frequently results from the division of the 
antipodal-cells. The sac-nuclei from which it arises have reverted to the 
vegetative condition from which they have emerged in Gnetum. The 
tissue is gametophytic though it lacks one of the essential characters of 
the prothallus in that its organisation is necessarily later than that of the 
gamete, which therefore it does not bear. 

In the Angiosperm usually only one fusion-nucleus is constituted, but 
there may be two**; in Gnetum there are many, and the sac becomes 
septate before fusion. In the Angiosperm no more than 14 sac-nuclei are 
known to enter into this fusion; in Gnetum and Welwitschia some hundreds 
are concerned. In view of the later history of the fusion-nucleus there 
is probably a limit to the number of gamete-nuclei which can enter into 


* Samuels, loc. cit., fig. 18. 

+ Vide Coulter and Chamberlain, 1908, fig. 42. 

t Coulter, 1911. 

§ Cf. Sargant, 1900, p. 705; Pearson, 1909, p. 384. 

|| Went, 1908. 

| Vide Coulter and Chamberlain, 1903, pp. 166, 167. 
** Campbell, 1911, p. 786. 
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its composition. The septation of the sac in Gnetum and Welwitschia 
and the formation of many fusion-nuclei may be consequences of this 
limitation. 

In the Angiosperm the fusion-nucleus usually undergoes a series of simul- 
taneous divisions and the protoplasm in which the resulting free nuclei lie 
becomes completely septate to uninucleate cells or incompletely to multi- 
nucleate compartments in which ultimately all the nuclei fuse.* But in 
some cases, aS in Peperomia, cell-walls are formed in all the divisions of the 
fusion-nucleus and its descendants,t and the endosperm is cellular from 
the beginning and throughout its development. This is also charac- 
teristic both of Gnetum and of Welwitschia. When, as is usual in the 
Angiosperms, “endosperm begins with free nuclear division, a rudimentary 
plate often appears suggesting derivation from an endosperm in which 
nuclear division was followed by cell-formation,” | as in Peperomia. 

Attention has frequently been called to the curious resemblance between 
the common behaviour of the fusion-nucleus and its products in the 
Angiosperms and the process by which the prothallus is formed in 
the macrospore of the Gymnosperm and the massive proembryo in the 
archegonium of the Cycads and Ginkgo. The endosperm of the Angio- 
sperm is clearly not phylogenetically related to both these latter structures, 
and this fact in itself makes it the more probable that the resemblance is 
no evidence for a phylogenetic relationship with either. It is much more 
likely that the whole explanation is to be sought in the similar conditions 
under which a single nucleus produces a multicellular tissue in a large cell. 

The “triple fusion,” now recorded for an increasing number of Angio- 
sperms, is peculiar to this group.§ Its occurrence is not confined to the 
8-nucleate sac; it is observed in Cypripedium ; || a sperm-nucleus is one 
of the five constituents of the primary endosperm-nucleus in Euphorbia 
procera,4| and it probably fuses with the seven sac-nuclei in Gunnera.** 
The participation of the second sperm-nucleus is therefore independent of the 
number of fusing-nuclei contributed by the sac itself. It is also clear that 
it is not of universal occurrence among the Angiosperms. It sometimes 
fails in species in which it normally occurs (as e.g. Naias major),+t and 

* Strasburger, 1880, figs. 46-64; Tischler, 1900. 

+ Johnson, 1914. 

t~ Coulter and Chamberlain, 1903, p. 172. 

§ The “double fertilisation” described for Juniperus virginiana (Ottley, 1909, 
p. 40) and for Thuja (Land, 1902) is probably not in the same category as the triple 
fusion of the Angiosperms (cf. Samuels, 1912, p. 90). It appears rather to be a case 
of the true fertilisation of a gamete which in most Archegoniatae is arrested, correctly 
described as “ double fertilisation.” Cf. Blackman, 1898. 

|| Pace, 1907. 

q Modilewski, 1908, fig. 7. 

** Samuels, 1912. 

tt Guignard, vide Coulter and Chamberlain, 1908, p. 216. 
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apparently the development of the endosperm is not affected. But even 
now, the number of Angiosperm-sacs investigated is comparatively small, 
and the facts are insufficient to establish any general conclusions regarding 
the phylogenetic or physiological significance of this phenomenon. But 
since it does not occur in some Angiosperms, its absence from Gnetum 
does not weaken the comparison between the two sacs which it is now 
sought to establish. 

It has been suggested above that the free nuclei fuse because they are 
free—in other words, that the physical and physiological conditions of the 
sac are favourable to the fusion of nuclei whose situation imposes no obstacle. 
This is the view suggested by Coulter * for the Angiosperms as by the writers 
for Gnetum and Welwitschia. If it is true for the Angiosperm, the sperm- 
nucleus which has escaped the influence of the egg-apparatus f may be drawn 
into fusion with the free sac-nuclei by the influences which cause these to 
fuse.t In such a case the participation of the male nucleus is, in its origin, 
of no more significance than that of any of the sac-nuclei.{ It may neverthe- 
less exercise an important influence in increasing the vigour of the fusion- 
nucleus as it does in introducing foreign characters into the endosperm. 
Since the endosperm can be formed without it, the view that the endosperm, 
which results from the triple fusion or its equivalent (as in Euphorbia 
procera), is a monstrous embryo appears to be without justification. 

Tt seems, then, that some of the characters of the Angiosperm-sae which 
have not yet been satisfactorily explained, may be more or less accounted for 
on the hypothesis that this sac has had its origin in a less specialised form 
not necessarily very different from that now found in Gnetum. Such a 
derivation implies a very considerable shortening of that portion of the life- 
cycle which connects the macrospore-mother-cell with the functional gamete, 
It remains to inquire whether there is any evidence of a tendency to accom- 
plsh such a shortening of this series of events. The Gnetales at present 
furnish no certain evidence on this point. It can therefore only be looked 
for among the Angiosperms themselves ; if it has had an effect in producing 
the Angiosperm type from a form essentially similar to that of Gnetum, it is 
not improbable that it continues to act among the Angiosperms. 

Recent writers on the life-history of the Angiosperm have recognised the 
existence of a tendency to include in the embryo-sac§ the results of the 
reduction divisions of the mother-cell (see Table IT), The results of this 
tendency are seen in Columns ili—vi, ix, and to a less extent in viii and x, if, 
as is probable, these are correctly regarded as derived from a more ancient 


* Coulter, 1911. 

+ In Naias major, e.g. the second sperm-nucleus may fuse either with a synergid 
or with the polars (Coulter and Chamberlain, loc. cit.). 

t Coulter, loc. cit. 

§ Johnson, 1914, pp. 384 et seq. 
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type in which the spore-mother-cell formed a tetrad or row of four spores, 
one of which became the embryo-sac, as in the forms represented in Columns 
i, li, and vil. This tendency prevails regardless of the final structure of the 
sac resulting from its action. A similar tendency is perhaps present in the 
Gnetales, for, according to Lotsy, the macrospore-mother-cell of Gnetum 
undergoes only one complete division, the nuclei resulting from the homo- 
typic division being included in the embryo-sac.* 

-But there seems to be evidence in the facts presented in the table that 
this tendency may become operative in the later as well as, or instead of, 
in the earlier stages. 

In Modilewski’s Onagraceae (Col. vil), in which the reduction divisions 
are normal, the oésphere appears in the 5th instead of in the 6th generation ; 
in Cypripedium only the homotypic division takes place in the sac, neverthe- 
less the odsphere belongs to the same generation as in Lilium—the 4th. If 
these cases are due to the prevalence of a tendency to shorten this part of 
the life-cycle, then Huphorbia virgata (Col. i) must be regarded as a more 
primitive form or a reversion to a more primitive form than that which is 
established in the majority of Angiosperms. 

While the evidence is admittedly very meagre, there is still some reason 
to believe that the tendency to shorten the series of events between the 
mother-cell stage and the organisation of the gamete has been operative not 
only at the beginning of the series but also at later stages in the ontogeny. 
If so, the gamete which in Welwitschia appears in the 12th or 13th nuclear 
generation, in Gnetum probably somewhat earlier, would in later forms be 
organised in earlier stages, as in the 7th, 6th, 5th, or 4th, as in existing 
Angiosperms. It is at least to the credit of the hypothesis that the tendency 
which, it is suggested, has yielded the Angiosperm-sac, is also believed to 
exist among the lower Gymnosperms,f and may have led to the evolution of 
the free gametes of Gnetum from the intrasporic vegetative prothallus of the 
lower forms. 

In brief, the hypothesis now outlined derives the Angiosperm-sac from a 
primitive form whose essential characters are preserved in Gnetum. The 
evolutionary tendencies believed to have led to this result are (1) a 
tendency to shorten the series of simultaneous divisions of the sac- 
nuclei, with the results that (a) the nuclear generation in which the 
gamete or gametes appear is brought nearer to the macrospore-mother-cell 
and (b) the number of nuclei belonging to this generation is reduced in 
geometrical progression-—involving perhaps the grouping of the reduced 
number of sac-nuclei at the poles of the sac ; (2) a tendency to the functional 
differentiation of the nuclei so grouped, which involved the constitution of a 
number of cells within the sac and consequently a still further reduction in 

* Lotsy, 1899, p. 102. 
ft See p. 254. 
19 
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the number of free sac-nuclei available for the endosperm-fusion. There is 
some evidence for the existence of the first tendency within the Angiosperm 
eroup as at present constituted, and the fact that different degrees of polarity 
and of functional differentiation of the sac-nuclei are found among the 
Angiosperms may perhaps be regarded as evidence for the second. 

It is further suggested that the conditions preserved in the Gnetum-sac 
were similarly derived from those of an intrasporic prothallus whose funda- 
mental characters are found in the Cycads, Ginkgo, the Conifers, and 
Ephedra, by the operation of a similar tendency to shorten that portion of 
the life-cycle which lies between the macrospore-mother-cell and the func- 
tional gamete. 

It is, however, not suggested that the Gnetum-sac is directly derived 
from that of the Conifers, nor the Angiosperm-sac from that of Gnetum. 

Reviewing that portion of this hypothesis which touches the relations of 
the Gnetales and the Angiosperms, Coulter remarks, “ while the argument 

is not convincing, it shows that the case is still open.”’* This is a 
fair summing up of the situation. The endosperm of the Angiosperm 
presents one of the outstanding problems of morphology. We suggest that 
its solution is to be sought along the lines now indicaated. But neither this 
nor any other hypothesis yet formulated can be accepted until it can muster 
in its support more convincing evidence than is yet forthcoming. 

Botanica LABORATORY, 
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EXPLANATION OF PLATES XLV—L. 


PLATE XLV. 


. scandens. Diagram of longitudinal section of nucellus to show pollen-chamber 
and embryo-sac. x 30. 

. africanum, Pollen-chamber partially blocked by papilla-like cells from micro- 
pylar tissue. x 180. 

.africanum. p.c. Pollen-chamber. p.t. Pollen-tube. c. Degenerating tissue of 
nucellus. x 40. 

.africanum. An unpollinated ovule. c. Cavities formed by degeneration of 
nucellar tissue. end. Embryo-sac filled with endosperm. x 382. 

. africanum. <A fertilised ovule containing many proembryos. Endosperm 
growing upwards into cavities (c.) formed by degeneration of nucellar tissue. 
Dotted area (figs. 1-6), active nucellar tissue. x 380. 

. Gnemon. An ovule with several pollen-tubes (p.t.). 3. Sperm-cell. end. Endo- 
sperm. pv. Pavement tissue. s.n. Free sac-nuclei (cf. fig. 218). x 30. 


PLATE XLVI. 


. Gnemon. Lower portion of a micropyle in oblique longitudinal section showing 

many pollen-grains. x 400. 

.africanum. Portion of a pollen-chamber in longitudinal section showing three 

germinating pollen-grains, of which two retain the prothallial nucleus. ea. Split 

exine. x 700. 

.africanum, A pollen-grain and young tube showing generative cell and tube- 

nucleus. x 1200. 

.africanum. A generative cell and tube-nucleus from a tube which has pene- 

trated to one-third of the depth of the nucellar cap. x 1200. 

.Gnemon. A fertilised ovule showing large cavity (c.) above embryo-sac formed 
by destruction of nucellar tissue by pollen-tubes (p.t.). x 30. 

. G. africanum. Binucleate sperm-cells (anterior ends directed downwards). 
Fig. 12 x 1720; the rest x 1200. Fig. 15. Plate xlvii. 


PLATE XLVII. 


.Gnemon. Pollen-tube with uninucleate sperm-cell and tube-nucleus. Tip of 
tube is almost in contact with top of embryo-sac. x 1200. 

africanum. Portion of embryo-sac showing simultaneous division of free nuclei 
x 700. 

G. africanum. Lower part of embryo-sac showing endosperm-cells and free 

gamete-nuclei. x 400. 

africanum. Middle portion of an unfertilised sac showing the upper part of 

the septate endosperm and the lower portion of the free gametes (a little con- 

tracted). A mass of endosperm-cells (d.) formed by cell-division. A large 

compartment (e.) containing two free nuclei. x 420. 
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PLATE XLVIII. 


20. G. africanum. ‘Two cells from the endosperm of an advanced ovule. 'The one to 
the right is multinucleate, the nuclei showing signs of deterioration. x 720. 

21a. G. Gnemon. The lower part of a sac showing multinucleate endosperm com- 
partments. x 720. 

21B The sac from the ovule of fig.6 more advanced than 21a. Nuclear fusion has 
occurred in all the endosperm compartments shown. The apparent delay in 
the completion of the endosperm in the micropylar region is probably caused by 
the presence of odspores. x 300. | 

22a. G. africanum. The micropylar end of the sac showing three multinucleate 
endosperm compartments (/f.)in which nuclear fusion isin progress. N. Remains 
of nucellar tissue. d. Endosperm-cells produced by division of primary cells 
constituted by nuclear fusion. x 300. 

228. A group of fusing nuclei from one of the compartments of 244. x 1200. 


PLATE XLIX. 


23. G. africanum. Portion of the micropylar end of a sac. ‘Two cells (O.) are pro- 
visionally identified as oospores. Two others above and to the right are more 
doubtful. Groups of sac-nuclei (f.) fairly certainly represent a state preparatory 
to that shown by the compartments (/.) in fig 224. x 1200. 

24. G. africanum. Micropylar end of sac. O. Odspore. Endosperm-cells are con- 
tinuous along the sac-wall; in the centre sepation is very irregular, a con- 
dition considered to be due to the presence of this and other odspores, the latter 
not seen in this section. x 500. 

25a. G. africanum. Micropylar end of a sac showing summit of the endosperm. 
N. Crushed nucellus. s.. Sac-nuclei excluded from fertilisation and from 
incorporation in the endosperm by fusion (¢f. Lotsy, 1899, fig. 44, W.o.H.). 
x 160. 

258. Four of the nuclei (s.n. of fig. 25a). x 1700. 


PLATE L. 


26. G. africanum. Beginning of the formation of the column of small-celled tissue 
near the middle point of the axial line of the endosperm. x 300. 

27. G. africanum. Portions of three proembryonal tubes shown in longitudinal section 
of the endosperm ; one of them is binucleate. x 700. 

28. G. africanum. Distal end of a proembryonal tube containing five free nuclei, of 
which three are seen in the section. x 1200. 
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THE THEORY OF AUTOMATIC REGULATORS. 
By H. Bowtue. 


GENERAL Remarxs.—The regulation of electrical generators is usually 
expressed by the percentage voltage rise from full load to no load, or by the 
percentage drop of pressure from no load to full load, assuming that in the 
case of a separately excited machine the excitation and speed, in self-excited 
machines, the speed and resistance of the field circuit, are constant. 

In practice it is mostly asked to keep the pressure of a generator con- 
stant at the terminals for all loads, or to keep the pressure constant at the 
feeding points. In the latter case the pressure of the generator must rise 
with an increase in the load, to account for the drop in the feeders. 

Various methods have been devised for obtaining these results. One of 
_the first arrangements consisted of compound windings, which are simple 
enough for direct current machines, but which require complicated trans- 
formers or special windings in the case of alternators. In both cases the 
machines are no longer of standard design, and therefore expensive. More- 
over, the compound windings are sluggish in their action on account of 
magnetic lag. 

To reduce the voltage drop of a generator as much as possible, the 
machine itself used to be built with good inherent regulation, i.e. the 
machine was worked beyond the knee of the magnetisation curve and given 
a low resistance. This again adds to the expense of the generator and 
possesses the disadvantage that during a sudden short-circuit currents 
twenty to thirty times larger than full-load currents might temporarily 
flow, pulling the windings to pieces unless they are very carefully stayed, 
and causing abnormal heating. This is especially dangerous with large 
machines, which to-day are built in sizes up to 30,000 kilowatts. 

Most of these disadvantages are overcome with automatic regulators, 
especially with those of the fast type. 

It is not intended here to describe automatic regulators, but simply to 
explain their theory. 

Automatic Reaunarors.—They may be divided into sluggish and fast 
regulators. The former can be used only where the load varies very gradu- 
ally, so that the regulator has time to move into the correct position before 
a further load variation occurs. 
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The principle of a sluggish regulator is given in fig. 1. 

A contact voltmeter or relay CV acts as an automatic switch for the 
solenoids §, and §,, according to whether the network voltage V is below or 
above the normal. For normal voltage, the contact maker is half-way 
between contacts 1 and 2. Suppose core of §, is drawn up, then the con- 
tacts gh and ab are closed and the series motor M is joined across the net- 
work, moving the nut N upwards by means of the screw O and cutting 


| buys bars 


RUGGEET! 


ORAL: MANPAUDAOUUE 


Fia. 1.—Principle of sluggish regulator. 


resistance out of the field circuit, so that the generator voltage can rise. 
When contact 2 is closed by the relay, the current through the armature of 
motor M is reversed and resistance is added to the generator field, thereby 
lowering the generator voltage. 

CRITICAL SPEED oF SLuaeaisH ReEcuLATORS.—As has already been 
stated, sluggish regulators are suitable as long as the load variations do 
not follow one another too quickly. It might now appear that for rapid 
load fluctuations the speed of the regulator could be increased to suit these 
fluctuations, but, as will be shown further down, if this is done, hunting 


—™ 
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results, 7. e. excess regulation occurs, which produces voltage fluctuations 
which are unbearable in lighting plants. 

The limiting speed of a sluggish regulator may be determined as follows : 
We assume at present that the coefficient of self-induction of the field to 
be regulated is constant, and that the pressure increases linearly with the 
exciting current. These assumptions are not quite correct except for small 
ranges of the regulation, but the errors do not materially affect the result. 
The exponential curves of the exciting currents may then be considered also 
to represent the pressure curves of the machine, with an abcissa axis displaced 
by a constant value y. We further assume that the speed of the regulator 
and the variations of the exciting current are uniform. 


Let Ve = exciting pressure, 


I == maximum exciting current, 
al = the exciting current when the regulation is complete, 
Ove dens 


R, = resistance of the exciting winding, 
R 


= total resistance of the exciting circuit, including the regulator, 


a 
L = coefficient of self-induction of the exciting circuit, 
¢ = time in seconds counted from the beginning of the switching 
period, 
R. 
la = current at time ¢ for total resistance —, 
a 
Vv Vv ) 
Wiehave 1. — {sand ol=a— . (1) 
R RR . ° ° ° 


e e 


The rising exciting current curve (starting from zero) follows an 
exponential law, as a heating curve, viz. : 


laps an’ (1 — at) 


R, 
| ay | 

— al (1 pee Pre, : é ; . ¢ (2) 
Differentiating, we obtain 

di eee 

aa oe € ata. : : : : (3) 

dia V. wa 

For t = 0, Ge = ie constant . ; : ; . (4) 


2) 


This holds, no matter what the value of a may be, and means that all 
the curves have the same tangent in their origin, for constant values of 
Vi cand-R.,: 

In a similar manner we consider the falling curves, starting from the 
maximum possible value. The current is, however, not switched off, so that 
an equation similar to that for the cooling curve cannot be used here. The 
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final value after a switching operation will be = , where a depends on the 


position of the regulator when the regulation is complete. Before this value _ 
. ae We Re 
is reached the current has a higher value, viz., i’ = ral + Cem! 
where C is some integration constant, found as follows : 
For ¢ = 0, and a = 1, the current va = a 
: V. 
for ¢ = 0c and a any value, 1, —="4 R whence 


Ca7(l — «) and 


e 


Re 
lax Q ke 4 @ — 0.) RS See 


=al+(l—a)Ie at, 


l= soy 
=al(L+——-« ~@m) 2, 2 @) 
oe ’ dia | =o ee 
Differentiating this equation, we get = pf ee and 
QO a) 
dia l—a iE 
fOr == 09 = Peo 
Ora —=s0> di - Xs : ; 3 (6) 


oO 
from which follows that these curves have not a common tangent. 


To every value of a corresponds a definite position of the regulator. For 
an increase of @ (or a decrease in the regulating resistance) the exciting 
current follows a rising curve. When « decreases, the current drops along 
a corresponding falling characteristic. When an indirectly acting regulator 
is employed the sensitiveness of the relay or contact voltmeter must be 
limited: or, for a given sensitiveness of the relay or contact voltmeter the 
number of steps of the regulator cannot be any if hunting is to be prevented. 
For a given load the variation of the pressure by shifting the regulator one 
step must be smaller than that which will actuate the relay. Suppose the 
latter acts when the pressure rises 1 per cent. above or drops 1 per cent. 
below the normal value, then the pressure variation caused by moving the 
regulator one step (for a given load) must be less than 2 per cent. When 
this is the case excess regulation and hunting is caused only by too great a 
speed of the switch lever. To determine this limiting speed, consider at first 
the rising exciting current curves. 

Let the whole regulation take place (from oa =O to a=1) nT 
seconds, whereby it must be remembered that from a = O (resistance = 
infinity) to.a =, say 4, it takes as long as from a= 7 toa—=4q4. ‘This 
means that the first curve, for a = , say +, does not commence in the origin 
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but is displaced to the right by a distance or time d, (see fig. 2). Time is 
required before the current is switched in. The second curve follows d, 
later than the first one, being thus displaced from the origin by d, = 2d). 
Obviously, these times will be the smaller the larger the number of contacts. 
On drawing these curves it will be found that all possess the same tangent, 
assuming our previous assumptions are fulfilled. Let this tangent form 
with the abscisse axis the angle 6, then 
tan 8@= K=constant . s (4) 
where the value of K is found as follows : 
The equation of the exponential curve 2 is given by 


¢ =at(1— ae) 


t, 1p 


—~Y exci ting current 


Ls X. @ Tate 


Kia, 2.—Reegulation curves. 


and as our curve is displaced to the right by a distance dg, we have 
(placing ia = y and t= a — d) 


; e— d 
Dp al ( | e at, ) ; ; ) 
whence Ty) ee ae 
ab — t, € ato 
From equation (8) follows 
ed ee al 
whence dy I y 
ea |e) ) 


276 Transactions of the Royal Society of South Africa. 


The equation of the common tangent which envelops the various 


y =fl@) 
which has, in common with the exponential curves in the tangent points, 
the ordinates y' = y, the abscissae x’ = », and the differentials dx’ = dz and 
dy’ = dy. With our assumptions of uniform switching speed and spacing 
we must obtain uniform variations of the exciting current, and dz’ must be 
proportional to da, hence 2’ rises from Ot. T proportionally to a from Of, 1, 
so that 2’ = aT, and for any tangent point 


dy! =dy= 4 (1 — 2) dex 


exponential curves is 


a 


Fia. 3.—Reculation curve. 


This equation is fulfilled by 


yf — Ka’ 
y dy 
== K= — whence 
dx 

ie a 
K=_(1-Ky) 

J 

Sikes : : 2 ra Glo) 


Consider now the process of regulation. Let the normal pressure, say at 
no load, be V,, corresponding to a definite position of the regulator. Let 
this be given for a = 0.5 = ay, 7. e. the exciting current is equal to half the 
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maximum value. When a load rush occurs, the voltage drops. This is 
equivalent to a reduction in the excitation. In our case it thus means that 
the excitation has been reduced from a value corresponding to a, and to the 
exciting current a,I, to one corresponding to a, and the exciting current 
a»,l. Let the contact voltmeter act when the voltage exceeds the limits 
Vinae and Vinin (see fig. 3), the difference between the two values being AV 
corresponding to Aa = 20. 

As soon as V,,;, 1s reached the relay puts the regulator into motion, some 
little time elapsing, however, before the next contact is reached. The ex- 
citing current then commences to rise, and with a large number of contacts 
the enveloping curve of the various exponential curves, corresponding to 


sui feling times 


O 


Fia. 4.—Hunting of regulator. 


different positions of the regulator, will be a straight line, with the inclina- 
tion # against the abscisse axis. The first and last curves will alone be out, 
the current for the final step following the last exponential curve. ; 

If the speed of the regulator is too great, the regulator will overtravel 
the correct position by one or more steps, since, although the relay has 
disconnected the driving motor, the magnetisation lags behind. The excitation 
may even still be rising when the relay has already reversed the direction 
of travel of the regulator. This is clearly indicated in fig. 4. 

When the voltage reaches Vinaz, point P, the relay reverses the driving 
motor, moving the switch lever backwards, but a little time U elapses before 
a step is actually cut in. On account of magnetic lag the voltage keeps on 
rising until several steps have been inserted. If no excess regulation is to 


278 Transactions of the Royal Society of South Africa. 


occur, the last exponential curve must not rise above Ving» (fig.3). Wehave 
Vn» = (an + v)V. 
Vn = (am +t y)Ve (y= displacement of abscisse axis) 
AV:='26V;, 
Place V, = 1; then V,, =a, + ¥3 Va— a, — 7, AV =o 
We found previously 


I CB 
WN SUS ane a 
= (an — a ») whence 
t= (adn —Om — 6) (TH). ." GEE) 


T is the time taken from a = 0 toa = 1, i.e. for the whole range of 


: : ‘ t 
regulation ; hence in ¢’ seconds the value of I varies by m * I amperes, 


T + ? 


or, according to equation 11, by — i (a, — a,,— 6)L amperes. 


In time ¢’ the factor a has also increased by the amount 
Wee ne 8). 
T 
The value at the beginning of the regulating period was a,, hence the 
factor of the last exponential curve, which cuts the line V,,;,. in C, is 
T+ t, 
CCFO G eee 
de 


If now the maximum value of the pressure is not to exceed V,,qz., then 
we must have— | 


(ttn — Am — 9). 


T + to Ae. 

Am + (as — An - 3) 2a, + 6, whence’ 

ib us a = an 2 and inserting the value = for t,, 
== i pan Lae 

Thal, -1) 6. = seers 


Equation 12 holds for rising currents. The curves for falling values 
are on the whole flatter than the rising ones, and excess regulation and 
hunting need not be feared if it does not take place for rising currents, 
especially as load increases are mostly in excess of load decreases. But it 
is important that no new load rush occurs before the previous one has been 
dealt with, the danger of hunting being especially great when a load drop 
follows rapidly on a load rise. The interval ¢ follows from equation 11, 
WAZ: 


bi Ze (a, = an: = oD) (T ar t,), 


and inserting the value of T from equation 12, we obtain— 


bo 
=I 
we) 
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,= Qn — Gm)? — 0? to 

Exampie.—A 500 kilowatt generator for 550 volts, 910 amperes, at 100 
revolutions per minute, with a shunt resistance of 58°3 ohms, is to be 
regulated by means of a sluggish automatic regulator. We are asked to 
determine the times T and ?’. 

The following further data are given : 


t 


TABLE. 
re ; “ _Lt 
Load. Exciting current. a | Lin Henrys. o = = 

O 8:20 0°87 202 3°45 

2 8°39 O°892 | 198 3°39 

2 8°60 0-912 | 193 | 3°29 

8 8:97 0:967 185 Sil Lr 

4 9-42 | 1-0 176 3-02 

oN 
on ee x 163 + These values depend somewhat on the temperature. 


Suppose now the relay acts when the voltage is } per cent. above 
or below the normal, or 26 = 1 per cent. and 6 = 0-005, and that the 
maximum load rushes are from 125 to 500 kilowatts. We have— 


ee | -f):209 
Six s(t 5 62 
= 34 seconds. (For - take mean value.) 

This is the time required for the whole range of regulation, 7. e. from 
a=0toa=1. Suppose the regulator is so constructed that, when on 
its first contact, the exciting current is 60 per cent. of the maximum value 
(a = 0°6), then the minimum time in which the regulator should be 
allowed to move from the first to the last contact must not be less than 
(1 — 0°6) x 34 = 138°6 seconds. 

The minimum time to be taken by the regulator by passing from a 
contact corresponding to a,, or + load, and normal voltage, to a contact 
which corresponds to a, = 1, or full load, is (1 — 0°892) x 34 = 3-7 
seconds. Within this time no load changes must take place. 

The same result is obtained from 


,== (a, — a,)? — & to 
ib > 5 x 


9 
= (1 — 0°892)? — 0-00852 _ 328 
ae 0-005 aa 
= 3°7 seconds. 

20 


i) 
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We thus see that the speed of the regulator depends upon the size and 
design of the generator. : 

With the data before us it is easy to find out whether it is feasible 
to employ a sluggish regulator or not. We register the station load by 
means of a recording ammeter and notice the frequency of the load rushes. 


1 : 
If they occur more often than expressed by 3 high speed regulator 


becomes essential for satisfactory working. 


Volts 


‘*) = exc/ fa 41007 and 4ime. 
Fie. 5.—Principle of action of a fast regulator. 


Fast Recunators.—Fig. 5 represents the no-load characteristic of a 
generator. The normal voltage of the machine is marked by line cd. The 
resistance of a field regulator, when switched in, reduces the excitation 
to ef and the voltage to Oe. When the regulator is short-circuited, the 
excitation is e, and the voltage Oa. The automatic regulator alternately 
short-circuits and inserts the resistance. ) 

Suppose the generator is put into operation and that the excitation is e,, 
being about 30 to 50 per cent. of the normal excitation, the resistance being 
inserted in the field winding. The rheostat is next short-circuited and the 
voltage rises rapidly along the no-load curve Ob until it reaches point d’. 
This is the upper limit of the voltage. Assuming that the machine is 
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taking part of the work, and that the automatic regulator is inserted, the 
resistance of the field winding is at this instant re-inserted and the voltage 
drops rapidly along a curve which is practically the inverted curve of the 
no-load characteristic. When the voltage has dropped to a value 
corresponding to line e’d", the rheostat is again short-circuited and a 
rapid rise in the voltage once more occurs, until line c’d’ is again reached ; 
and so forth. The voltage of the machine is thus oscillating between the 
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Fic. 6.—Principle of Tirrill regulator. 


values c’d' and c’d"’, and as these variations are very rapid and possess 
small absolute values, they are not noticed. 

It will be obvious that the maximum excitation, when the rheostat is 
short-circuited, must be considerably in excess of the excitation at full load 
and normal pressure, as otherwise over-travelling and rapidity of action 
near full load would be impossible. The pressure oa should certainly not 
be less than 15 per cent. above the normal pressure cd at full load and 
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constant excitation. This applies to all fast regulators based on the 
principle of over-travelling. 

Descriprion oF Fast Recuiator.—We shall deal with the Tirrill 
regulator, which is of the vibrating contact type. Its principle of action 
will be followed from a perusal of fig. 6. Let the main contacts K, and K, 
be open, then the differential relay is energised (coil m only) and the relay 
contacts K, and K, are open, so that the rheostat r, is inserted in the field 
circuit. The voltage now drops, as explained before. When it reaches 
ed” (fig. 5) the attraction of the main magnet is overcome by the spring /; 
above, which closes the contacts K, and K,, thereby passing current 
through winding n of the differential relay, which is now demagnitised. 


ae et es SEEN Oe 


Fie. 7.—Simplified connections of Tirrill regulator. 


Spring f next closes the relay contacts K, and K, and the latter short- 
circuit the rheostat 7, in the field circuit, so that the voltage rises. When 
the upper limit of the voltage is reached the main contacts are open again ; 
and so forth. Both sets of contacts are thus constantly vibrating. The 
frequency depends largely on the load. The times, during which the 
contacts are closed, adjust themselves automatically, so as to maintain a 
uniform voltage at the bus bars or generator terminals. 

For over-compounding, the generator control magnet is supplied with 
a differential series winding, which is joined across a variable shunt in the 
bus bars, or generator leads or feeders. As this series winding opposes the 
shunt winding of the generator control magnet, the relay contacts remain 
comparatively longer closed, and the voltage at the terminals is able to 
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rise above the normal, according to the load, keeping it constant, say, at 
the feeding points. 

In order to avoid sparking at the relay contacts, condensers are joined 
across them. In addition the contacts should be carefully cleaned every 
morning if good working is to be expected. 

THEORY OF THE TIRRILL Reauiator.—Fig. 7 shows the simplified 
connections of this regulator. 

Let 2 = o be the position of core C, and of lever h,, for which the spring 
f, has the tension O. The pull of the spring is a function of the elongation, 
or of 2, 7. e. F, = K, 2, where K, is some constant. 

For a definite position of C, the magnetic pull is proportional to the 
square of the flux density, and thus to the square of the voltage, or F,=K,V? 
where K, is another constant. For different values of the voltage the core 
will therefore take up different positions, and hence to each value of the 
voltage corresponds a definite 2 Thus to Vj, Vj, Vo...... V” correspond 
My) L, Vy......e, respectively. It is also possible, although not essential, to 


make ~ a = O, which means that the magnetic pull is independent of « when 


the voltage is constant. 


Assume now that the lever h, is kept in a particular position, and that 
h, is moved clockwise until contacts K,K, close, at which instant the dis- 
placement of core C, is «,. For any other position the contacts are open and 
the resistance 1, 1s inserted, giving the voltage V., at the exciter terminals 
(see fig. 8), the lowest possible. For this voltage the lever h, must rotate 
clockwise, as F, overcomes F',, and hence r, is short-circuited. Let at this 
instant ¢= 0. The pressure now rises along the exponential curve, the 
curve depending upon the value of 2, tending towards a final value V,. At 
time ¢, the pressure V, is reached, and as the displacement is x, which corre- 
sponds to Vj, the lever is in equilibrium. But the exciting current, and 
hence the exciter pressure, rise still further, so that from now onwards the 
magnetic pull will predominate, contacts K,K, are separated and 1, is re- 
inserted. The exciter current and voltage drop again. 

The separation occurs at time t,, for which the pressure has the 
value V, + 6. 6 must have some definite value, as masses have to be 
accelerated. At time ?,, V, is again reached (see fig. 8), but the pressure 
is on the downward grade and tends to reach V,, which corresponds to 
the insertion of r,. But below V, the spring exerts itself; however, a 
little time will elapse before the contacts K,K, are closed again, which 
occurs at time ¢,. The pressure has the value V, — 6. The play 
then commences afresh, showing that the lever h, vibrates all the time 
while the exciting current and exciter pressure pulsate round some mean 
value V,. The mean forces acting on the lever are in equilibrium, and no 
pressure is exerted on lever h except a small contact pressure. From the 
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figure it will be clear that the actual value of the voltage will depend upon 
time of short-circuit of 1, 
time of insertion of 7, 
position of C,. For V, it was a, hence for z, the mean voltage will be Vo, 
round which the voltage will now pulsate. The above ratio is considerably 
increased, as the figure clearly shows. The exciting current of the exciter 
and thus the exciter voltage pulsating about mean values, the generator 
excitation will do likewise. The generator voltage is, however, affected very 
little, as the pulsations are damped out before they reach the bus bars. 
Consider next the position of lever h,. The arrangement must be such 
that for the same voltage V, of the generator the pull on core C, is inde- 


the ratio 


This ratio depends upon the original 


pa eee, Ss Ti me 


Fia. 8.—Regulation with a fast regulator. 


pendent of the position of C,. This means that we cannot use springs for 
balancing purposes, but must. employ weights. » In the figure the weight of 
the core itself balances the magnetic pull. 

When the generator pressure drops the lever h, will immediately rotate 
clockwise, bringing contacts KK, closer together. The reverse action takes 
place for pressure rises. It is thus only for the normal network pressure 
that lever h, is in equilibrium, but then in any position. The process of 
regulation is thus as follows : 

For normal generator voltage the lever h, is in equilibrium and h, 
vibrates. When the generator voltage drops lever h, rotates clockwise and 
brings thereby contacts K,K, closer together, forcing its movement also 
upon h,, so that 7, is short-circuited for a longer period than before, until 
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the generator voltage is normal again. When this is the case, h, is once 
more in equilibrium. A similar action occurs for a pressure rise, contacts 
time of short-circuit of r, 
time of insertion of ry | 
is altered according to the voltage conditions of the network. Compared with 
a sluggish regulator fig. 8 shows that the required exciting voltage is reached 
very much more rapidly. From V, to V, the voltage rise with a sluggish 
regulator would follow curve 2, for a fast regulator it is along ab. 

Let the maximum exciting current (r, short-circuited) be aI. The 
equation of the corresponding exponential curve, C, is (equation 2). 


KK, being now, however, separated. Thus the ratio 


} a to 
t a,l —1 : 
as an = Parag , and according to equation 3, 
dia aos Ve aE 6. ty = ag is 
dt, ee Gt C aito i € ab, 


t 
Inserting the value of « — — we obtain 


140 


dia = a,l = la (14) 


For curve C, we have, if the final exciting current with 7, inserted is 
expressed by a,I (see equation 5). 


” ty 

— met Co. 

la — dol + Td 9) Ce aot, 

te Va — aol 

doa)e- f= 

Also according to equation 6: 
dia 1—a, . iD ° ty 
pe oS = £ — Sa eee 
dts ay bi a ato 
— _ taal . (13) 
dob, 


Assuming a large number of vibrations of h,, the time elements will be 
very small, and for a stationary state the current pulsates round the mean 
value ia with the difference dia between maximum and minimum values. 
The variations dia and - dia are equal and ia = i'a. From equations 14 
and 15 follows: 
dt, — a 3 ae ato . . Ei) 


: It P ae 
For each value of iq we have thus a definite value of “1 This ratio is 


dts 


influenced by the position of lever hy, and on it depends the mean value 
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of ia. The number of vibrations does not matter, although to each value 
of 7a corresponds a definite number of vibrations, found as follows. 
From equation 14 we obtain: 


dia at, 
Similarly from 15: 
, RN ee fee SON 
ta — Ag 
But dia = — dia and ta = i'a, whence 
di; + dt, _ ay . 5 
ih get * ig al) 
The reciprocal of this is: 
dia (a,1 — ta) (ta — agl) io, 
Be DN a : anal 
di, + dt, RG Oba Sak oe 
1 oe : 
Tater Fx aia jf 1s the number of vibrations of the system. 


To each value of ia corresponds a definite frequency /, but to a given 
frequency f correspond two values of ia. From equation 17 follows that 
f =O for al = ia and al = ia. It is a maximum for diq = constant and 
ta = T/a,ay. 

Exampie.—The generator in the previous example is to be regulated with 
a Tirrill instrument and the voltage is to be kept constant at 550 volts, 
within the limits of + } per cent. In this case dia corresponds to 55 volts. 
For 550 volts the exciting current is 8°2 amperes. When resistance 1, is in 
circuit the voltage is 50 per cent. of the normal, or 275 volts, and when it is 
out of circuit it is 118 per cent., or 650 volts. The corresponding exciting 
currents are 2°8 and 14 amperes respectively. We have: 

a, = 1; a, = 0°2; ta = 3-2 amperes, [ = 14 amperes. 

The results are tabulated. 


TABLE. 


| j H j | 
Time constant to 3°68 3-63 3°55 | 345 {3°15 2°86 | 2°55 | 2:40 | 


ie 28 50 |70 |82 |9 (105 |120 |140 | amperes. 
It | 
aE 0-000 1-222 |3:00 |465 /620 |11:0 [23-0 | 
9 | 
dia 0000 136 11:50 |1:38 |1:37 | 1:12} 0-75 | 0-000 
dt, + dt, | 


The value of dia near 8°2 amperes is 0°215, hence the frequency of 


eT ae ook eae 
vibration is 0-913 — 6°5 per second. 
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It will now be interesting to see how - alters when load rushes occur. 
Abs 

We shall again assume a fluctuation from one quarter to full load. For 

550 volts and no load the excitation is 8°2 amperes, or 100000 ampere turns. 

If this voltage is to be kept constant, the excitation for one quarter load 

must be 8°75, for full load, 10°5 amperes (taken from the no-load charac- 


teristic, not given). The ratio = must thus increase from 4°65 at no-load 


to about 6:0 at quarter load and 11-0 at full load. This alteration is caused 
by the generator solenoid §,, the position of whose core indirectly influences 
the tension of spring f, and thus the above ratio. 
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ON HYBRID FORMS IN THE GENUS SATYRIUM, WITH 
DESCRIPTIONS OF TWO NEW FORMS. 


By A. V. DutHIE. 
(With Plates LI-LITI.) 


This paper is concerned chiefly with the description of what appear to 
be two distinct natural hybrids belonging to the genus Satyrium. I find 
that the number of hybrids previously known among Satyrium species in 
South Africa includes only those mentioned by Bolus (Orchids of South 
Africa, vol. ii, Table XXXVI), Rolfe (Flora Capensis, vol. v, sect. 11, 
‘p. 173), and two forms, the unpublished description of which, written by 
Miss Hume, I have been privileged to consult. 

The first hybrid (S. cortifolium x carneum) was described and figured 
from three living specimens found in association with both the supposed 
parent forms. According to the account (loc. cit.) the hybrid shows the 
characters of one or other of the parents as far as the individual vegetative 
parts are concerned, and, on the whole, judging from the figures and in the 
absence of a detailed description, it appears that the floral structures 
approach those of 8. corifolium. 

The second hybrid, considered as such by Rolfe, was described as 
S. Guthre by Bolus, who regarded it as a species, but noted the resem- 
blance between the column and that of S. bicallosum, at the same time 
remarking on this character as unique among species of Satyrium. Rolfe 
(Joc. cit.) 1s inclined to regard it on morphological grounds as a hybrid 
between S. candidum and S. bicallosum, and, justifiably, supports this 
contention by the fact that these two species are associated in habitat. 

The two forms investigated by Miss Hume were examined with reference 
to the spike and floral organs only. Miss Hume regards her “type A” as 
a clear hybrid between S. coriifolium and carnewm, and considers that the 
hybrid nature is supported by the sterility of the ovary. She regards her 
“type B” as a hybrid between “type A” and S. cortifoliwm, basing_her 
decision on the fact that the pollen in “type A.” is good, and also on the 
morphological characters of “type B.” [I understand that the detailed 
descriptions of these forms will be published shortly in the Annals of the 
Bolus Herbarium. | 

The hybrids under description in this paper were found in each case 
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closely associated in habitat with the suggested parent forms. The occur- 
rence of hybrid A was noted some four years ago on the farm Kleinberg in 
the Tulbagh District. 

Since then I have collected specimens each year on this and neighbouring 
farms, and have noticed them at the Tulbagh flower shows as exhibits from 
various parts of the district. Apparently this form has been found more 
abundantly than is the case with the hybrids mentioned above. 

I have made a detailed study of the form from about a dozen spikes 
during the present flowering season, and have had the special advantage of 
working on fresh material. 

Specimens of hybrid B described in this paper were noted for the first 
time this year on the farm Kleinberg and also as exhibits at the Tulbagh 
flower show. The supposed parent forms were associated in abundance 
with the hybrid. 

The hybrid nature was suggested by the intermediate nature of the size 
and colouring of the flower and the form of the stem sheaths. This 
appears to be borne out by the results of more detailed study of the floral 
and vegetative parts. 

It will be noted from an examination of the subjoined comparative 
tables that in each case the hybrid is an intermediate or blend between the 
two suggested parent forms, both as regards vegetatiye and floral structures. 

Anattempt was made to obtain average measurements of the entire plant, 
spike, leaves, etc., of the parent and hybrid forms, but there is so wide 
a Variation in the individuals of all the types that it would be misleading 
to quote any average figures. 

Further details for the comparison of the hybrids are found in the 
diagrams. 

The following observations on the parent forms in each case in 
conjunction with the natural association of the same, support the 
probability of the hybrid origin of the two types described : 

(1) Frequency of pollination. (1 have noted in numerous instances 
the removal of one or both pollinia and the presence of pollen on the 
stigmatic surfaces of the parent forms, particularly in the case of 
S. erectum.) 

(2) The sweet scent of the flowers in all the parent forms concerned 
and especially so in the case of the inconspicuous flowers of S. bicorne. 

(5) Presence of free honey in the spurs of all the parent forms. 

(4) The long life of individual flowers. 

(5) Insect pollination. (I have several times noticed insects visiting 
the flowers and in some cases observed pollinia attached to these insects. 
That this is not altogether occasional is suggested by the abundance of 
spiders among flowers and bracts, and some of these show a striking 
adaptation in colouration to that of the flowers in S. erectum.) 


_ 
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Produced leaves 


Texture of produced | Fleshy 


leaves 
Thickness of leaf 
near  mid-rib 


(sections taken , 
at about corres- 
ponding levels) 


Bracts 


Colour of perianth 


Depth of lip . j 
Width of lip (at 
widest part) 
Length of lip. 
Vewning of lip 


Length of spur 
Length of side 
sepals 

Breadth of side 
sepals 

Length of side 
petals 

Breadth of side 
petals 


General shape of 
lip 


Rostellin 


Glands of Rostellum 


Ovary 
Pollinia. 


S. erectum (Sw.) 


S. coriifolium (Sw.) 


Dp adpressed to 
ground,  cordate- 
orbicular or ovate 
acute 


epidermis, 
ie es }°S) mimi. 
; eer 


Water- 
storing 
8 


chyma, 

1-3 mm. 
Reflexed, lanceolate 
or oblong, acute, 
longer than ovary 
Tyrian Pum kc; 
amaranth pink or 
light mallow 
purple, with aster 

purple mottling 


54 mm. 
6-7, mm, 


14-16 mm. 

2 unbranched veins 
on either side of 
mid-rib 


10-12 mm. 
13-145 mm. 
4—44 mm. 
11-13 mm. 
3-4 mm, 
Galeate, the mouth | 


obovate, narrowly | 
contracted at base | 


3-denticulate 
Small, circular 


Posterior rib present 
About 3 mm. long, 


including caudicle; 
pollen mass, 13 mm. | 


) 


2-3 erect-spreading, 
elliptic oblong, 
acute 


Coriaceous 


storing 
sas 
12 | epidermis, 
4 ‘7 mm. 
mint, ~ 


[Ochi 


| Water- 


chyma, 
‘5 mm. 
Reflexed, oblong, 
acuminate, longer 
than ovary 
a. Light cadmium 
b. Cadmium orange 
with grenadine red 
on back of lip and 
side sepals 
No mottling 


12 nm. 
7-8 mm. 


13-14 mm. 

4 unbranched veins 
on either side of 
mid-rib and one 
subdivided into at 
least 4: 

11-124 mm. 

124 mm. 


45 mm. 

12-125 mm. 

23-3 mm. 

Galeate, sides almost 
parallel and httle 
contracted at base, 


or regularly con- 
tracted from above 


downwards 
3-lobed, middle lobe 
longer than the 


others, triangular, 

acute 
Large, 

shaped 


horse - shoe 


Posterior rib absent 

43 mm. long, includ- 
ing caudicle; pollen 
mass, 243 mm. 


Hybrid A. 


2, sub-erect, spread- 
ing broadly elliptic, 
acute. Intermediate 
between the parent 
forms. 

Less fleshy than in 
S. erectum. 


Water- 

| storing 

: epidermis, 

as - 1 mm. 
* | Chloren- 
chyma, 

“7 mm. 

be- 


two 


Intermediate 
tween the 
parent forms. 

a, Alizarine pink with 
old rose on hood, 
etc. 

b. Old rose and_ be- 
evonia rose. 

Mottling of acajou 
red and eugenia 
red. 

8 mm. 

6-7 mm. 


138-14 mm. 

3—4 unbranched veins 
on either side of 
mid-rib and one 
subdivided in 2 or 
33, 

11 mm. 

12-138 mm. 


4—45 mm. 
12-13 mm. 
3—4 mm. 


Galeate, sides almost 
parallel, but dis- 
tinctly contracted 
at base, less so than 
in S. erectum. 


3-lobed, lobes shorter 
than in SS. cori- 
folium. 


Intermediate in size 
and shape between 
parent forms. 

Posterior rib present. 

4mm. long, including 
caudicle ; pollen 
mass, 2 mm. long. 


Produced leaves 


Stem sheaths . 


Colour of perianth 


S. erectum (Sw.) 
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S. bicorne (Thunb.) 


| 


Hybrid B. 


| 


In all three similar, 2, adpressed to ground, cordate-orbicular, 


fleshy 
Spathaceous 


hynvan -* pink 
amaranth pink, or 
light mallow 
purple, with aster 
purple mottling 


Width across lip | 6-7 mm. 
(at widest part) | 

Length of lip. . 14-16 mm. 

Length of spur 10-12 mm. 

Length of side 13-145 mm. 
sepals | 

Breadth of side 4-43 mm. 
sepals 

Length of side} 11-13 mm. 
petals 

Breadth of side | 33-4 mm. 
petals 

General shape of | See diagrams 
flower 

Rostellum Rhomboid, 3-denti- 

culate 
Stigma . Semi-orbicular 


Broad, tubular 


Pyrite yellow with | 
very fine mottling | 
of orange-citrine ; 

yellow | 


sulphine 
with orange-citrine 
mottling; garnet- 
brown, mottled in 
very dark speci- 
mens 


3-44 mm. 


9-10 mm. 
18—22 mm. 
7-8 mm. 


3—4 mm. 

| 5-53 mm. 
24-3 mm. 
See diagrams 


Broadly oblong, 
truncate at apex, 
in the middle 
produced into a 
short, linear tooth, 
deflexed, much 
shorter than 
stigma 

Oblong, retuse, as 
long as_ stipe of 
column and longer 
than rostellum 


5-62. 


| Distinctly interme- 
diate between those 
of parent forms. 

a. Alizarine - pink 
with eugenia red 
stripe and hessian 
brown mottling on 
throat of lower lip. 

b. Old rose with flush 
of aster purple and 
bordeaux mottling 
on inside of base 
flower lip. 

c. Old rose with mot- 
tling of bordeaux. 
d. Alizarine pink on 
back of hood, old 
rose, grading into 
eugenia red on in- 
side of perianth 
lobes; madder 
brown mottling on 
inside of flower lip. 


113-13 mm. 


10-15 mm. 
9-12 mm. 


3—4 mm. 

9-11 mm. 

3-4 mm. 

See diagrams. 


More broadly oblong 
than in S. bicorne, 
truncate at apex, 
in the middle 
produced into a 
narrow tooth. 


Shape intermediate 
between that of 
parents, shorter 
than stipe. 
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The following spiders and insects have been kindly determined by 
Dr. Péringuey : 
Thomisus sp. 
Synaema sp. 
Apis mellifica, var. caffra. : 
Anisonyx ursus. 
Platychelus dimidiatus. 

In conclusion, it must be noted that fairly well advanced embryos were 
found in the ovaries of single specimens of each hybrid, but the significance 
of this in connection with what appears to be a distinctly intermediate 
morphological form between two good morphological species is, in the 
present state of our knowledge, of no deciding value. 

With the object of experimenting with the parent forms I have 
gathered individual plants with which I have initiated experiments in 
cross pollination. 


EXPLANATION OF PLATES LI—LIII. 


ry 
= 
2 


Drawn by Mrs. All- 


. Flower and bract of 8. coriifolium, front view. moet 


. Flower and bract of |S. erectum, front view. 
Flower and bract of S. erectum x coriifolium, front view. 
. Flower of 8. erectum, side view from one aspect. 

. Flower of S. coriifolium, side view from one aspect. 

. Flower of 8. erectum x coriifoliwm, side view from one aspect. 

. Flower of 8. erectum, side view from another aspect. 

. Flower of 8. corwifoliwm, side view from another aspect. 

. Flower of S. evectwm x cortifolium, side view from another aspect. 

. Lip of 8. erectum, side view. 

. Lip of S. coriifoliuwm, side view. 

. Lip of 8. erectum x coriifolium, side view. 

13. Lip of 8. erectum, front view. 

14. Lip of 8S. coriifolium, front view. 

15. Lip of S. erectum x coriifolium, front view. 

16. Sepals and side petals of 8. erectum, showing mottling. 

1. Sepals and side petals of 8. coriifolium. 

18. Sepals and side petals of 8. erectum x coriifolium, showing mottling. 
19. Ovary and column of S. erectwm, side view. 

20. Ovary and column of S. coriifoliwm, side view. 

21. Ovary and column of S. erectum x coriifoliwm, side view. 

22. Column of S. erectwm, side view. 

23. Column of S. coriifolium, side view. 

24. Column of S. erectum x coriifolium, side view. 

25. Column of S. erectwm, front view; glands in position. 

26, Column of 8S. coriifoliwm, front view ; glands in position. 
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27. 
28. 
29. 
30. 
ot 
32. 
33. 
34. 
30. 
36. 
37. 
38. 
39. 
40. 
Al. 
42. 
43. 
AA. 
45. 
46. 
47, 
48. 
. Ovary and column of S. bicorne, side view. 

. Ovary and column of S. erectum x bicorne, side view. 
. Column of S. bicorne, side view. 


Column of S. erectun x coriifoliwm, side view; glands in position. 
Column of S. erectum, front view; glands removed. 

Column of S. corufolium, front view ; glands removed. 

Column of S. erectum x coriifolium, front view ; glands removed. 
Pollinium of S. erectum. 

Pollinium of S. coriifoliwm. : 

Pollinium of S. erectum x corvifoliuwm. 

Transverse section of ovary of S. erectum. 

Transverse section of ovary of S. cortifolium. 

Transverse section of ovary of S. erectum x coriifolium. 

Flower and bract of S. bicorne, front view. 

Flower and bract of S. erectum x bicorne, front view. 

Flower of S. bicorne, side view from one aspect. 

Flower of S. erectum x bicorne, side view from one aspect. 
Flower of S. bicorne, side view from another aspect. 

Flower of S. erectum x bicorne, side view from another aspect. 
Lip of S. bicorne, side view. 

Lip of S. erectum x bicorne, side view. 

Lip of S. bicorne, front view. 

Lip of S. erectum x bicorne, front view. 

Sepals and side petals of 8. bicorne. 

Sepals and side petals of S. erectwm x bicorne, showing mottling. 


. Column of S. erectum x bicorne, side view. 

. Column of S. bicorne, front view ; glands in position. 

. Column of 8. erectum x bicorne, front view ; glands in position. 
. Column of S. bicorne, front view; glands removed. 

. Column of S. erectum x bicorne, front view; glands removed. 
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NOTE ON THE OCCURRENCE OF DAPHNIN IN THE 
ARTHROSOLEN. 


By M. RInpt. 


(From the Chemical Laboratory of the Grey University College, Bloem- 
fontein.) 


The Arthrosolen polycephalus or Lasiosiphon polycephalus (Nat. Ord. 
Thymeleaceae) is a perennial shrub which flowers in August and September. 
It is known to the farmers as the Januariesbosje, and in certain districts a 
decoction of the plant is reputed to be an efficacious remedy for lamziekte. 
On the other hand it has been included in the list of plants suspected of 
causing lamziekte (J. Burtt-Davy, Preliminary Report on Botanical Investi- 
gation into Gal-Lamziekte, Union Agricultural Journal, August, 1912). As 
far as I can gather there is no reliable evidence either of its poisonous nature 
or of its medicinal virtues. The roots are extremely bitter to the taste. 

As a few preliminary tests seemed to indicate the presence of an alkaloid, 
the roots and stems were extracted for several weeks with a cold 5 per cent. 
solution of acetic acid. After separating the roots and stems from the 
extract the latter was treated with lead acetate, and the supernatant liquid 
siphoned off from the precipitate. The extract was treated with sulphuretted 
hydrogen to remove the lead, and concentrated. The solution was then 
saturated with sodium chloride and repeatedly extracted with ether. On 
removal of the greater part of the solvent a yellowish substance separated 
out which was purified by repeatedly recrystallising from water with animal 
charcoal. In view of the sparing solubility of the compound in ether this 
method seemed unsatisfactory, but all attempts to improve it by substituting 
other solvents immiscible with water proved unsuccessful. 

The compound was identified as daphnetin (8, 4-dihydroxycoumarin). It 
melts at 253-256° (corr. 261°) with partial decomposition, but begins to 
darken at a much lower temperature. It is sparingly soluble in cold, but 
readily in hot water, with a yellow colour, separating out as a mass of inter- 
laced acicular crystals of a slightly yellowish colour. 

It is readily soluble in alcohol, glacial acetic acid, and ethyl acetate, 
sparingly so in ether, and insoluble in petroleum ether, benzene, chloroform, 
and carbon bisulphide. 

21 
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The fact that it can be extracted from the aqueous-acetic acid solution by 
ether is due to the circumstance that the ethereal layer takes up some acetic 
acid, and that the daphnetin is more soluble in the mixture of ether and 
acetic acid than in pure ether. 

Daphnetin crystallises from water with half a molecule of water, which 
is only expelled completely by heating to 120-130° for several hours. 

02638 grm. lost 00115 H,O. H,O = 4°36 per cent. 
I. 071594 grm. (anhydrous) gave 0°3556 CO, and 0:0523 H,0. 
II. 0:1210 grm. (anhydrous) gave 0°2708 CO, and 0:0352 H,0. 
I. C = 60°84 per cent. H = 3°65 per cent. | 
II. C = 61:04 per cent. H = 3°23 per cent. 
C,H,0,, 3 H,O requires H,O = 4°81 per cent. 
C yH,O, requires C = 60°67 per cent. H = 3:87 per cent. 

The molecular weight was determined by the ebullioscopic method and 
by Barger’s microscopic method. 

I. 0°8137,grm. of substance in 23°92 germ. of alcohol gave At 0:24°. 
Molecular weight = 163. 

II*. 0:0468- grm of substance in 15°54 ¢.c. of alcohol lie between 
0:0002493 and 0:0002369 gram-molecules (using azo-benzene as standard), 
M.W. between 188 and 197. 

CyH,O, has M.W. = 178. 

The compound is soluble in sodium hydroxide with a yellowish-red colour. 
Aqueous or alcoholic solutions turn green on addition of ferric chloride. It 
strongly reduces Fehling’s solution. 

When the original aqueous-acetic acid extract had once been rendered 
alkaline, daphnetin could no longer be extracted, as it had undergone decom- 
position. 

All the above properties are identical with those recorded for daphnetin. 

The original acetic acid extract also contains glucose, which was identified 
by means of its osazone (m.p. 204°). After extraction the bitterness of the 
roots had entirely disappeared. The fact that both daphnetin and glucose 
(which. are the products of the hydrolysis of the glucoside daphnin) were 
found. in the extract seems fairly conclusive evidence that daphnin was 
orignally present in the plant, and it is probable that it is the bitter principle 
of the roots. 

By the method of extraction adopted the glucoside would naturally be 
hydrolysed. 

It is interesting to note that the other plants previously recorded as con- 
taining daphnin, Daphne Mezerewm and Daphne alpina, belong to the same 
order as the Arthrosolen. 

The investigation is being continued. 


* T am indebted to Mr. C. D. Dykman, B.A., for carrying out this determination. 
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AFRICAN MYXOMYCETES. 
By A. V. Durute. 


In this preliminary paper an attempt has been made to compile a list 
of the species of Myxomycetes previously recorded from Africa in various 
journals and monographs, and also to record forms which have been 
accessible to or collected by myself. 

The collections of the Mycological Herbarium, Pretoria, have been 
placed at my disposal, and for this privilege I must express my indebtedness 
to Mr. Pole Evans; I have also to thank Dr. Schonland for furnishing 
me with a lst of the forms represented in the collection of the 
Rev. C. Kalchbrenner, for which MacOwan and Wood were partly or 
entirely responsible. 

Apparently the South African Myxomycetes are still very imperfectly 
known, and their investigation is attended with much difficulty. The 
specimens are usually of small size, easily confused with fungus growths, 
and not readily recognised by the layman. Consequently one is dependent 
for material chiefly on the opportunity of examining museum collections 
or on the results of one’s own excursions. Unfortunately there are no 
collections at any of our museums, and the only collections accessible 
are those at the Pretoria Herbarium and MacOwan’s collection now in 
Dr. Schonland’s possession. 

While the distinguishing characters of certain species are well marked 
and alter little with locality and habitat, those of others are more variable. 
This variation in many of the forms makes specific determination practically 
impossible in view of the absence of large collections for the purpose of 
comparison, and the dearth of accessible literature. 

The specimens collected by myself have been obtained chiefly from the 
Knysna and Stellenbosch districts. Forms sent to me from other districts 
are noted accordingly in the list of species. 

There are, as noted in Lister’s and Massey’s Monographs, representatives 
of 10 South African genera and 14 species in the British Museum and 
Kew Herbarium. About 22 species have been recorded from time to time 
from the Cape Province and Natal (see Journ. Bot. May, 1916, p. 125). 
I have found in the limited areas traversed, all the above genera, with 
the exception of Trichamphora, Craterium, and Mucilago, and many of 
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the same species, in addition to 9 genera which do not appear to have been 
recorded from South Africa by other collectors. 

More than a third of the known genera of Myxomycetes are now recorded 
from South Africa, and it is certain that further search will result in the 
discovery of many additional forms. 

I have to thank many interested friends and students for assisting me 
in amassing material for examination, and here I would take the opportunity 
of asking for specimens from any persons interested in this lowly group 
of our South African flora. Although one must of necessity be more or 
less satisfied with specimens of the mature fructifications yet it would be 
of much assistance if the colours of plasmodia and young fruit bodies were 


noted by collectors. 
As soon as opportunities offer I intend publishing descriptions of the 
undetermined species in the following list and future collections. 


Sus-Crass 1.—BKXOSPOREAE. 


Orper I1.—CERATIOM YXACEAE. 
Genus 1.—CERATIOMYXA. 


Sup-Ciass I].—_BNDOSPOREBAE. 


Conortr I.—AMAUROSPORALES. 
Sus-Conorr I.—CALCARINEAE. 
Orper I.—PHYSARACEAKH. 


Genus 2.—BADHAMIA. 
GENus 3.—PHYSARUM. 
Genus 4.—FULIGO. 

Genus 5.—TRICHAMPHORA. 
GrENus 6.—PHYSARELLA. 
Genus 7.—CRATERIUM. 
Genus 8.—LEOCARPUS. 
Genus 9.—DIDERMA. 

Genus 10.—DIACHAEA. 


Orpgerk II.—DIDYMIACEA E. 


Genus 11.—DIDYMIUM. 
Genus 12.—MUCILAGO. 


Sus-Conorr II.—AMAUROCHAETINEAE. 


GENUS 
GENUS 
GENUS 


GENUS 
GENUS 


GENUS 


GENUS 
GENUS 


GENUS 


GENUS 
GENUS 
GENUS 


GENUS 
GENUS 


African Myxomycetes. 


Orver I.—STEMONITACEAE. 


13.—STEMONITIS. 
14.—_COMATRICHA. 
15.—_LAMPRODERMA. 


Conorr II.—LAMPROSPORALES. 
Sus-CoHort I.—ANEMINEAE. 
Orper I.—HETERODERMACEAE. 


16.—CRIBRARIA. 
17.—DICTYDIUM. 


Orper IIIT.—TUBULINACEHAE. 
18.—TUBIFERA. 


Orver I[V.—RETICULARIACHAH. 


19.—DICTYDIAETHALIUM. 
20.—RETICULARIA. 


Orper V.—LYCOGALACHAE. 
21.—LYCOGALA. 


Sus-CoHorr IJ].—CALONEMINEAE. 
Orper I.—TRICHIACEAE. 


22.—TRICHIA. 
23.—OLIGONEMA. 
24.—HEMITRICHIA. 


Orver IT.—ARCYRIACEHAH. 


25.—ARCYRIA. 
26.—PERICHAENA. 


B.M. = British Museum. 
K. = Kew. 
P. = Mycological Herbarium, Pretoria. 
Kl. = Kalchbrenner’s Collection. 
F. = Farquharson’s Collection. 
A.D. = Author’s Collection. 
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Genus No. 
1—Ceratiomyxa fruticulosa (Macbr). 
West Africa (F.). 
South Africa (Journ. Bot. May, 1916). 
East Africa (Journ. Bot. May, 1916). 
Knysna (A.D.); Stellenbosch (A.D.). 
Habitat ; On decayed wood ; common. 
C. fruticulosa, var. flexuosa (Lister). 
West Africa (F.). 
East Africa (Journ. Bot. May, 1916). 
Habitat : On moist logs. 
2—Badhamia, sp. 
Stellenbosch (A.D.). 
Habitat: On dead bark. 
Apparently the first record of this genus from South Africa. 
3—Physarum melleum (Mass.). 
Cape (K.). 
South Africa (K1.) ? 
Knysna (A.D.). 
South Africa (Journ. Bot. May, 1916). 
Habitat : On dead wood. 
P. mutabile (Lister). 
Cameroons, West Africa (B.M.). 
Habitat ; On dead leaves, etc. 
P. roseum (Berk. & Br.). 
West Africa (F.). 
Habitat: On species of Thelephora. 
P. viride (Pers.). 
South Africa (K1.). 
South Africa (Mass. Mon. p. 329). 
Habitat: On dead wood, bark, etc. 
P. viride, var. aurantium (Lister). 
West Africa (F.). 
Habitat : On dead wood. 
P. viride, var. rigidum (Lister). 
West Africa (F.). 
Habitat : On dead wood. 
P. nucleatum (Rez). 
West Africa (F.). 
Habitat : On dead wood, stalks of palm leaves, etc. 
P. pusillum (Lister). 
West Africa (F.). 
South Africa (Journ. Bot. May, 1916). 
East Africa (Journ. Bot. May, 1916). 
Habitat: On sheaths of oil palm, etc. 
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P. didermoides (fost.). 
Cameroons (Herb. Dr. Jahn). (Also see Journ. Bot. May, 1916.) 
Algeria? (Mass. Mon. p. 304). 
South Africa (Journ. Bot. May, 1916). 
Habitat: On dead wood, etc. 
P. nutans (Pers.). 
North Africa (Mass. Mon. p. 327). 
Vereeniging (P.). 
South Africa (Kl.). 
Habitat : On dead leaves, wood, ete. 
P. nutans, sub-sp. leucophaeum (Lister). 
South Africa (K1.). 
South Africa (Mass. Mon. p. 288). 
Cape (Engler-Prantl. p. 34). 
P. crateriforme (Petch). 
West Africa (F.). 
Habitat: On stalks of pigeon-pea. 
P. compressum (Alb. &. Schw.). 
West Africa (F.). 
Habitat: On decaying inflorescences of palms and on old cocoa pods. 
P. reniforme (Lister). 
West Africa (F.). 
Habitat: On cut ends of oil palms. 
P. cinereum (Pers. ). 
West Africa (F.). 
Pretoria (P.). 
Bloemhof (P.). 
Numerous localities in Transvaal (P.). 
‘Knysna (A.D.). 
Stellenbosch (A.D.). 
Cape of Good Hope? (Mass. Mon. p. 309). 
South Africa (K1.) ? 
South Africa (Mass. Mon. p. 298). 
Algiers (Mass. Mon. p. 298). 
Habitat: On turf; abundant in summer after rain (A.D.). 
P. gyrosum (ost.). | 
West Africa (F.). 
Habitat: On stems of ground-nut, grass, etc. 
P. sinuosum (Weinm.). 
North Africa (Journ. Bot. May, 1916). 
P. bogoriense (Racib.). 
West Africa (Journ. Bot. May, 1916). 
Kast Africa (Journ. Bot. May, 1916). 
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Cameroons (B.M.). 
Habitat: On dead leaves. 
P. digitatum (Lister & Farquharson). 
West Africa (F.). 
Habitat: On dead wood. 
P. citrinum (Schum.) ? 
South Africa (K1.). 
P. leucopus (Link.). 
South Africa (K1.). 
South Africa? (Mass. Mon. p. 287). 
P. compactum (ister). 
West Africa (Herb. Mass.). (See Lister’s Mon. p. 58.) 
Habitat: On moss. 
P. sp. 
Knysna (A.D.). 
Habitat : On dead wood. 
P. sp. 
Maritzburg (P.). 
Habitat: On dead Salix. 
P. sp. 
Pretoria (P.). 
Habitat: On dead leaves and twigs 
P. sp. 
Clanwilliam (A.D.). 
Habitat: On dead leaves and twigs. 
P. sp. 
Stellenbosch (A.D.). 
Habitat : On poplar bark. 
P, sp. 
Stellenbosch (A.D.). 
Habitat: On dead pine needles. 
Schroter (Engler-Prantl. p. 34) mentions that six species of 
Physarum occur in Africa and names the following: 
P. cinereum (Batsch), Cape. 
P. leucophaeum (Fries) = [P. nutans, sub-sp. leucophaewm ] | 
Cape. 


4—Fuligo septica (Gmelin). 


West Africa (F.). 

North Africa (Journ. Bot. May, 1916). 
Knysna (A.D.). 

Stellenbosch (A.D.). 

Kirstenbosch (A.D.). 

Newlands (P.). 
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Pretoria (P.). 
Clanwilliam (A.D.). 
South Africa (K.). 
Habitat: On decayed wood, grass, etc. Common. 
F. cinerea (Mory.). 
West Africa (F.). 
Habitat: On heaps of old cocoa-pods. 
5—Trichamphora pezizoidea (Jungh). 
Togo, East Africa (B.M.). 
West Africa (F.). 
Natal (K.). 
Somerset East (K1.). 
Habitat: On dead leaves, wood, etc. 
6—Physarella oblonga (Morg.). 
West Africa (Journ. Bot. May, 1916). 
7—Craterium minutum (Fries.). 
West Africa (Journ. Bot. May, 1916). 
Natal (Mass. Mon, p. 263). 
Habitat: On leaves, twigs, etc. 
C. aureum (Rost.). 
West Africa? (Journ. Bot. May, 1916). 
Algeria (Mass. Mon. p. 269). 
Habitat: On leaves, bark, etc. 
8—Leocarpus fragilis (Rost.): 
Stellenbosch (A.D.). 
Habitat : On dead pine needles. 
Apparently the first record of the genus from Africa. 
9—Diderma subdictyospermum (Lister). 
Cape (K.). | 
Habitat : On moss and dead leaves. 
D. effusum (Morg.). 
West Africa (F.). 
Habitat: On dead leaves, etc. 
D. globosum (Pers.). 
North Africa (Journ, Bot. May, 1916). 
D. radiatum (Lister). 
North Africa (Journ. Bot. May, 1916). 
D. testaceum (Pers.). 
Algeria. 
Habitat: On fallen branches of Opuntia. 
Identity of this species doubtful. (See Lister’s Mon. p. 107.) 
D. sp. 
Stellenbosch (A.D.). 
Habitat: On fern pinnules and small twigs. 
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D. sp. 

Clanwilliam (A.D.). 

Habitat: On dead bark. 

10—Diachaea leucopoda (Rost.). 

West Africa (Journ. Bot. May, 1916). 
North Africa (Journ. Bot. May, 1916). 
Central Africa (B.M.). 
Nigeria (B.M.). 
Natal (K.). 
Natal K1.). 
Swaziland (P.). 
Pretoria (P.). 
Stellenbosch (P.); (A.D.). 

Habitat: On living and dead leaves, sticks, etc. 

D. radiata (Lister & Petch). 

West Africa (F.). 

Habitat: On dead leaves and sticks. 
11—Didymium melanospermum (Macbr). 

Mt. Ruwenzori (B.M.). 

Cape of Good Hope (Mass. Mon. p. 233). 

Natal (K1.). 

Nigeria (B.M.). 

Habitat: On dead wood, etc. 

D. melanospermum, var. minus (Lister). 
West Africa (Journ. Bot. May, 1916). 
Hast Africa (Journ. Bot. May, 1916). 
North Africa (Journ. Bot. May, 1916). 

D. difforme (Duby). 

North Africa (Journ. Bot. May, 1916). 
Stellenbosch (A.D.). 
Habitat: On dead leaves and twigs and living herbaceous stems. 

D. nigripes (Fries). 

South Africa (K1.). 
Pretoria (P.). 
Habitat: On dead leaves, sawdust, etc. 

D. nigripes var. xanthopus (luster). 

North Africa (Journ. Bot. May, 1916). 

D. squamulosum (f’.). 

North Africa (Journ. Bot. May, 1916). 

D. sp. 

Knysna (A.D.). 
Habitat: On dead wood. 

D. sp. 

Stellenbosch (A.D.). 
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Habitat : On dead leaves. 
Schréter (Engler-Prantl. p. 30) mentions that two species of this. 
genus occur in South Africa, but does not name them. 
12—Mucilago spongiosa (Morgan). 
North Africa (Journ. Bot. May, 1916). 
South Africa (Mass. Mon. p. 256). 
Habitat: On wood, leaves, etc. 
13—Stemonitis splendens (Rost.). 
West Africa (F.). 
Angola (B.M.). 
Uganda (B.M.). 
Kast Africa (Journ. Bot. May, 1916). 
Natal (K.). 
Pretoria (P.). 
Table Mountain (Mass. Mon. p. 78). 
Cape of Good Hope (Mass. Mon. p. 74). 
Stellenbosch (A.D.). 
Habitat: On dead wood. 
S. splendens, var. Webberi (Lister). 
West Africa (F.). 
South Africa (Journ. Bot. May, 1916). 
S. fusca (Roth.). 
West Africa (F.). 
South Africa (K1.). 
Kast Africa (Journ. Bot. May). 
Natal? (Mass. Mon. p. 72). 
North Africa (Journ. Bot. May, 1916). 
Habitat: On decayed wood, etc. 
S. herbatica (Peck). 
West Africa (F.). 
South Africa (Journ. Bot. May, 1916). 
Salisbury, Rhodesia (P.). 
Habitat: On tobacco seedlings, ete. 
S. herbatica, var. confluens (Lister). 
West Africa (F.). 
Habitat: On sticks, etc. 
S. sp. 
Knysna (A.D.). 
Stellenbosch (A.D.). 
Habitat: On dead wood. 
S. sp. 
Knysna (A.D.). 
Habitat: On dead wood and leaves. 
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S. sp. 
Stellenbosch (A.D.). 
Habitat : On wall near wooden beams. 
S. sp. 
Pretoria (P.). 
Habitat; On log. 
14—Comatricha nigra (Schroet.). 
North Africa (Journ. Bot. May, 1916). 
C. pulchella (Rost,), var. gracilis (Lister). 
Cameroons, West Africa (B.M.). 
Habitat : On dead wood, etc. 
C. typhoides (Rost.). 
West Africa (F.). 
Algiers (Engler-Prantl. p. 28). 
Habitat: On dead wood. 
C. longa (Peck). 
West Africa (F.). 
South-West Africa (B.M.). 
South Africa (Journ. Bot. May, 1916). 
Habitat: On dead wood, etc. 
C. sp. 
Knysna (A.D.). 
Kirstenbosch (A.D.). 
Habitat: On decayed wood. 
C. sp. 
Stellenbosch (A.D.) 
Habitat : On dead wood. 
15—Lamproderma scintillans (Morgan). 
Stellenbosch (A.D.). 
Habitat: On moss and root of epiphytic orchids in greenhouse. 
L. arcyrionema (fost.). 
West Africa (F.). 
Habitat : On dead wood. 
Apparently the first record of the genus fron: South Africa. 
16—Cribraria violacea (Rez). 
Cameroons, West Africa (B.M.). 
Habitat: On dead leaves. 
C. languescens (Rez). 
West Africa (F.). 
C. intricata (Schrad.), var dictydioides (Lister). 
West Africa (F.). 
Habitat: On dead wood. 
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C. argillacea (Pers.). 
Stellenbosch (A.D.). 
Habitat: On dead coniferous wood. 
C. sp. 
Knysna (A.D.). | 
Habitat: On charred eucalyptus wood. 
C. sp. . 
Knysna (A.D.). 
Habitat: On dead wood. 
Apparently the first record of this genus from South Africa. 
17—Dictydium cancellatum (Macbr.). 
Knysna (A.D.). 
Stellenbosch (A.D.). 
Habitat : On dead wood, fibre, moss, etc. 
D. cancellatum, var. fuscum (Lister). 
West Africa (F.). 
Habitat: On dead wood. 
This is the first record of this genus from South Africa. 
18—Tubifera ferruginosa (Gmelin). 
West Africa (F.). 
Habitat: Inside hollow palm stem. 
T. sp. 
Knysna (A.D.). 
Habitat: On decayed eucalyptus stumps. 
Apparently the first record of this genus from South Africa. 
19—Dictydiaethalium plumbeum (ost.). 
West Africa (F.). 
North Africa (Engler-Prantl. p. 18). 
Algeria (Mass. Mon. p. 51). 
Victoria Falls (A.D.). 
Cape Province (A.D.). 
Stellenbosch (A.D.). 
Habitat: On dead wood and twigs. 
First record of genus from South Africa. 
20—Reticularia Lycoperdon (Bull.). 
West Africa (F.). 
North Africa (Journ. Bot. May, 1916). 
Knysna (A.D.). 
Stellenbosch (A.D.). 
Kirstenbosch (A.D.). 
Newlands (P.). 
Habitat: On dead coniferous wood. Common. 
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This form is represented in the Mycological Herbarium, Pretoria, 
under the name Amawrochaete fuliginosa (Macbr.). 
‘21—Lycogola epidendrum (Fries). 
West Africa (F.). 
Algeria (Mass. Mon. p. 121). 
South Africa (Mass. Mon. p. 121). 
Cameroons (B.M.). 
Cape (B.M.). 
South Africa (K1.). 
Knysna (A.D.). 
Stellenbosch (A.D.). 
Habitat: On dead wood. Common. 
L. epidendrum, var. tessellatum (Lister). 
West Africa (Journ. Bot. May, 1916) 
22—Trichia favoginea (Pers.). 
North Africa? (Journ. Bot. May, 1916). 
T. varia (Pers.). 
North Africa (Journ. Bot. May, 1916). 
T. persimilis (Kurst.). 
Cape (K.). 
Habitat : On dead wood, leaves, ete. 
T. Botrytis (Pers.). 
South Africa (Mass. Mon. p. 175). 
Habitat : On wood, twigs, ete. 
T scabra (Rost.). 
South Africa (K1.). 
T. sp. 
Knysna (A.D.). 
Habitat: On dead wood, leaves, ete. 
23—Oligonema nitens (2ost.). 
Algiers (K.). 
Habitat: On dead wood. 
24—Hemitrichia clavata (Rost.). 
West Africa (B.M.). 
North Africa (Journ. Bot. May, 1916). 
Natal (K.). 
Knysna (A.D.). 
Clanwilliam (A.D.). 
South Africa (K1.). 
Transvaal (P.). 
Habitat: On dead wood. 
H. Serpula (Rost.). 
West Africa (F.). 
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East Africa (Journ. Bot. May, 1916). 
North Africa (Journ. Bot. May, 1916). 
Victoria Falls (A.D.). 
Natal (A.D.); (P). 
Knysna (A.D.). 
Habitat: On dead wood, bark, ete. 
H. Vesparium .(Macbr.). 
West Africa (F.). 
East Africa (Journ. Bot. May, 1916). 
North Africa (Journ. Bot. May, 1916). 
Habitat: In moist, hollow palm stumps. 
25—Arcyria ferruginea (Sauter). 
East Africa (B.M.). 
Habitat : On dead wood. 
A. cinerea (Pers.). 
West Africa (F.). 
Cape (K.). 
South Africa (K1.) ? 
Hatitat: On dead wood. 
A. denudata (Sheldon). 
Cameroons, West Africa (B.M.). 
Cape (K.). 
Knysna (A.D.). 
Pretoria (P.). 
Natal (K1.). 
North Africa (Journ. Bot. May, 1916). 
Habitat: On dead wood. 

A. insignis (K. & C.). 1 
Cameroons, West Africa (B.M.). 
South Africa (K1.). 

Natal (K.). 
Cape (K.). 
Knysna (A.D.). 
Habitat: On dead wood. 
A. pomiformis (Rost.). 
South Africa (K1.). 

A. incarnata (Pers.). 
South-West Africa (B.M.). 
South Africa (Journ. Bot. Mav, 1916). 

Habitat: On dead wood. 
A. nutans (Grev.). 
West Africa (F.). 
Knysna (A.D.). 
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Stellenbosch (A.D.). 
Habitat : On dead wood. 
A. Oerstedtii (Rost.). 
West Africa (F.). 
Habitat: On dead wood. 
A. sp. 
Kirstenbosch (A.D.). 
Habitat : On dead wood. 
A. sp. 
Knysna. 
Habitat: On dead wood. 
A. sp. 
Kirstenbosch. 
Habitat: On decaying fungus. 
26—Perichaena depressa (1ib.). 
West Africa (F.). 
Portuguese East Africa | B.M. ]. 
Habitat: On dead wood and bark. 
P. vermicularis (Rost.). 
West Africa (F.). 
Habitat: On dead bark, etc. 
P. corticalis (ost.). 
Clanwilliam (A.D.). 
Habitat: On dead wood. 
First record of this genus from South Africa. 


APPENDIX. 


Schroter [Engler-Prantl. pp. 31, 33] mentions the occurrence of one 
species of Chondrioderma (Rost.) in North Africa, and two species of 
Tilmadoche (Fries) in South Africa. In the absence of specific determina- 
tions it is impossible to identify these forms. 


(31) 


IONIZATION OF GASES AND THE ABSORPTION OF 
RONTGEN RAYS. 


By Lewis Simons, B.Sc. (Lond. and Cape), Lecturer in Physics, 
Victoria College, Stellenbosch, South Africa. 


There are promising indications that the study of the influence of 
Rontgen rays on matter generally can be very much simplified by keeping 
in mind the processes which occur during the passage of the rays through 
gases. The processes involved are so essentially concerned with the atom 
and not with the molecule, except perhaps in one case which will be con- 
sidered later, that we are bound to conclude that the physical condition of 
the substance through which the rays are passed does not affect the energy 
transformations at their source. 

In gases we are concerned with a comparatively open structure; the 
ionization within the gas can be measured. Such a measurement cannot be 
made in the case of solids or liquids, for in these the total absorption of the 
incident energy, the emission of characteristic rays and of corpuscles from 
the surface are the effects observed. In working with gases there is the 
difficulty that there are so few gaseous elements that it is impossible to 
obtain a set of results over a large range of atomic weights. In experi- 
menting on vapours containing heavy atoms, it is impossible to perform 
control experiments eliminating the effects of the other atoms present. 

When the first experimental investigations were made of the relative 
ionizations produced in gases or vapours when these were under the influence 
of homogeneous beams of X-rays, the notions of Bohr and Einstein were 
not applied in studying the energetics of ionization. The searching test to 
which Millikan has recently subjected Einstein’s photo-electric equation and 
the similarity of the processes involved naturally lead one to apply the 
same test to X-rays. 

It has been shown that the major part of the ionization produced in the 
gases H,, O,, CO,, Air, SH,, SO,, and in the vapours of C,H,Br, and 
CHI could be accounted for by the emission of rapidly moving corpuscular 
rays which ionized neighbouring atoms by collision.* In a later paper the 


* Barkla and Simons, Phil. Mag. (6), xxiii, p. 333. 
22 
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writer came to the conclusion that all the ionization produced in these 
substances when they were subjected to Ag X-rays, could be attributed to 
these corpuscles,* whilst the direct photographic evidence of C. T. R. Wilsont 
amply justifies this conclusion. Sadler investigated the emission of a 
similar corpuscular radiation from metals,t one of his chief conclusions 
being that when the secondary rays are excited there is a special increase 
in the emission of corpuscular rays, whilst even if the secondary rays are 
not excited there is still a considerable amount of scattering taking place 
associated with the emission of corpuscles. Apparently then in solids as 
well as in gases the corpuscle is the a priori in the production of secondary 
rays, and consequently in the absorption of the primary rays. 

As an example of the atomic influence of X-rays we have the following. 
A mixture containing equal parts of SO, and H, absorbs X-rays to the same 
extent as a mixture containing equal parts of SH, and O,. The ionizations 
in these mixtures were shown by the writer to be different. The more recent 
work of Barkla and Philpot§ and of Moore|| has really shifted the difficulty 
into another quarter by their introducing a new constant, the Corpuscular 
Factor. 

In the work previously referred to, the writer began to make systematic 
investigations on the number of pairs of ions liberated in various gases 
during the passage of corpuscular rays through them. The conclusion 
adopted then was that the relative ionizations produced by either partial or 
complete absorption of their energy was equal to that produced by a similar 
absorption of X-ray energy. Barkla and Philpot showed that this conclu- 
sion needed but little modification, as will be seen from the values of k 
in Table I, which values are taken from this paper. The values of k& are 
the relative numbers of pairs of ions produced in the gas for the complete 
absorption of a corpuscle liberated from gold leaf lining the inside of the 
ionization chamber. The relative numbers both kM and & were found to 
be independent of the wave length of the exciting X-rays. 

It is in the relative values of & that the only true molecular effects of 
X-rays on matter has yet been noticed. In order to account for the anoma- 
lous behaviour of SH, and SO,, viz. SH, is ionized more, but absorbs 
less than SO,, the conclusion forced upon us was that there must have 
been some molecular effect in this case. The values of k show this con- 
clusively, and indicate too the seat of the molecular effect. The X-rays 
themselves act directly on the atoms irrespectively of neighbouring atoms, 
but in their passage through neighbouring molecules the high speed 


* Proc. Durham Phil. Soc., vol. v, Part 1, p. 43. 

+ Proc. Roy. Soc. (A) 1912, lxxxv, p. 285, 1911; Ixxxvii, p. 277, 1912. 
~ Phil. Mag. (6) xix, p. 336. 

§ Phil. Mag. (9) xxvii, p. 187. 

|| Proc. Roy. Soc. (A) 1915, xci, p. 337. 
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electrons produced by the X-rays lose their energy by successive impacts: 
Each impact may, or may not, produce a pair of ions, although the 
average number of pairs of ions produced per electron will be constant 
for the same gas under the same conditions. Bohr has shown that the 
energy lost by such an impact giving rise to a pair of ions must at least 
be equal to the kinetic energy of the electron in its orbit before it was 


I ; 
removed by the impact of the corpuscular ray and = x , where 7 is the orbital 


frequency and A is Planck’s constant. The corpuscular co-efficient (k) for 
H, alone is 102 and for O, alone is 110, yet that for SH, is 183 and for 
SO, is 96, identical corpuscles being employed in all cases. On the face 
of it, it is difficult enough to account for the similarity of the numbers 
102 and 96 for two such different gases as H, and SO.,, except by assuming 


TaBueE [. 
Gas Total ionization Tonization by a Number ou corpuscles 
= kM. corpuscle = k. a jh 
P (numbers relative.) 
Aur 1 100 1 
H, ‘001* 102 00] 
N, Alo 93 770) 
CO; 1-40 102 1:37 
SO, TE? 96 12-9 


for elements varying from Fe to Sb. 


that the mean kinetic energy of the H, electrons equals that of the 
SO, electrons, a result which does not agree with Bohr’s conclusions. 
Again, if the loss of energy of the corpuscle in its passage through the 
atom is equal to one quantum of radiation from the atom, the quantum for 
hydrogen is less than it is for oxygen, and we should expect a greater 
number of pairs of ions to be produced in hydrogen than in oxygen. 
Apparently the corpuscle on the average loses less energy per impact with an 
SH, molecule than it does per impact with an SO, molecule. The state 
of combination of the atoms affects the energy dissipated per impact in 
the form of radiation, and apparently it is the number of quanta of 
radiation that is affected, but not the frequency, the “hardness” of the 
secondary radiation being found to be independent of the state of chemical 
combination. 

It will be apparent that the ionization in a gas is the product of two 


* Shearer, Phil. Mag., xxx, p. 644. 
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factors—(1) the number (M) of rapidly moving corpuscles produced from 
the atoms of the gas; (2) the number (k) of pairs of ions each corpuscle 
produces before its energy is entirely spent. The observed effect is that 
of kM. Identifying the corpuscles produced from gaseous atoms as 
observed by the writer with those produced from gold leaf in contact 
with the gas, the relative values of M can be found by dividing kM by 
the co-efficients &. These results are given in the fourth column of 
Table I. It is at once apparent that, although the whole ionisation by 
X-rays is not an atomic phenomenon, yet the actual number of atoms 
originally ionised is atomic, and the much-debated anomaly of the relative 
ionisation and absorption of SH, and 8O,* is not explained away entirely,. 
for we still have to explain how the state of combination of the atoms 
affects the number of ions produced by a single corpuscle. 


TaBLE II. 

: Atomi Atomi (At. wt.)4 _, |(AtaNios- 
JD eri hate anne cise ae ee AT CARE x 10~" AC Re 10-* 

H ii i —— ‘0005 — iA) 

C 12 6 Oe, aah, 10°3 “10 

N 14 7 34: 385 1S 62 

O 16 8 62 *625 10°4 65 

S 32 16 10°9 11:0 9°6 ‘60 

Cl OOO” 17 14:7 — 10°8 7, 


The values of M clearly indicate that the number of rapidly moving’ 

corpuscles (8 particles) produced is an atomic effect, e. g.: 

©, = b26 SO, =a). 

Ho= <005061 Sik 05 eS 
Table II is partly taken from Moore’st work on this subject.. The 
column A.C.R.+ he calls the Atomic Corpuscular Radiation, which indicates. 
the relative number of rapidly-moving # particles produced from equal 
numbers of atoms of the respective elements. The numbers were obtained 
in the manner I have indicated after dividing the full ionisation (4 M) by 
Barkla and Philpot’s values of k. The column A.C.R. should be similar to. 
Moore’s ; these results are obtained from ionisations observed by myself and 
others using the simple gases. Moore, for the most part, used organic 
vapours. In his paper he clearly showed that the atomic corpuscular radia- 
tion, which I have called the direct ionization, is proportional to the fourth 
power of the atomic weight of the elements from which it originates. This. 
result is very important, for, as O. W. Richardson points out (Electron. 


* Barkla and Simons, Phil. Mag. (6) xxiii, p. 319. 
1 doe. cb. 
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Theory of Matter, 1916, p. 504), Moore has extended the law of absorption 
of X-rays by matter. 
The law of absorption as it stands for solids is— 


KMareONGNet ae) 2k eG) 


Where K is mass absorption co-efficient of a radiation of wave length 
A in a substance whose atomic number is N, and w is the actual mass of an 
atom of that substance and Q is a constant. It should be noticed that the 
assumption involved is that all the energy absorbed from the primary rays 
goes into the production of the corpuscular rays, and just as ionization is a 
secondary effect so is the production of secondary rays a secondary effect. 
We must suppose that the processes involved during the transmission of 
X-rays through gases are exactly analogous to those in solids; that the 
emission of corpuscles by solids is not a surface effect—indeed it cannot be 
since thin plates of substances emit corpuscles both on their incidence and 
emergence sides—but that direct and secondary “ionization” takes place 
right through the solid just as it does through a gas. Some years ago 
an attempt was made to detect if there was any increase in the electrical 
conductivity of a solid during the passage of X-rays, but the results were 
vitiated by the direct heating effect due to the absorption of X-ray energy. 

In the experiments described above the potential difference between the 
walls of the ionization chamber and the electrode was sufficient to produce 
saturation current, consequently there was no recombination of the ions. 
The rapidly-moving 8 particle liberated within the solid loses its energy in 
the same manner as the @ particle in the gas, but nothing is known of the 
“corpuscular factor” for the solid. Itis known, however, that the higher 
the atomic weight of the solid the more copious is the emission of corpuscles 
from its surface, and that this emission is greatly increased when the 
primary radiation falls at grazing incidence. Moreover, the intensity of 
the secondary radiation around a radiator is uniform in all directions, 
pointing quite definitely to the conclusion that its production is a secondary 
effect, whilst the distribution of the scattered radiation—that radiation 
similar in type to the primary radiation—follows the law of scattering, and 
is polarized in the same plane as the primary radiation. These facts which 
IT have brought together point definitely, I think, to the conclusion that the 
emission of characteristic secondary rays rests for by far the greatest part 
with the atoms which are ionized by collision within the substance, and that 
true X-ray absorption consists of an interchange of energy between the 
ether waves and the ionizing corpuscle. If more were known about the 
position of the orbital planes of the atoms in a crystal, probably the 
explanation of the point mentioned by Bragg (X-rays and Crystal Structure, 
1915, p. 198) would be forthcoming, viz. that the intensity of X-ray reflection 
of a given wave-length from a crystal, regardless of the crystal planes 
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employed in the reflection, falls off inversely as the square of the sine of 
the glancing angle of the incident radiation. 

There is one serious difficulty, however, which is also noticed by 
Millikan * as an outcome of his work on the photoelectric determination of 
Planck’s “h.” The primary radiation used is homogeneous ; the oscillators 
in the substance, whether solid or gaseous, possess definite frequencies, yet 
any radiation will ionize any gas, or cause the emission of corpuscles from 
any solid. Millikan supposes that there must exist in the substance a few 
oscillators whose period equals that of the ultra-violet light he employs; by 
analogy are we to assume that there exist in any substance a few oscillators 
whose period exactly equals that of the primary radiation? Milhkan claims 
that photoelectrons are bound electrons. Then from our experiments on 
the ionization of gases we must suppose that this accidental number varies 
as the fourth power of the atomic number of the elements composing them. 
I do not think this is feasible. Also if one absorbing substance be used and 
radiations of various frequencies are absorbed in it, then the accidental 
number of oscillators tuned to the frequency of the incident radiation varies 


as ns according to the law of absorption of various wave-lengths. 

Another way of stating that the absorption of energy varies as N* and 
the number of corpuscles produced varies as N* is that the absorption of 
energy per corpuscle is a constant and independent of N. This is true if 
the kinetic energy of the corpuscle is a measure of the energy absorbed 
in its production. The speed of the ejected corpuscle depends only upon 
the frequency of the incident radiation. 

In a letter to Nature (March 4th, 1915, p. 7) Barkla described an 
experiment pointing to the conclusion that for each quantum of energy — 
hn, absorbed from the primary radiation, one high-speed electron was 
emitted whose energy was characteristic of the incident energy, together 
with one quantum each of the K and L radiations. In other words the 
absorption of energy from the primary radiation per election 

= fn? +hng thn t+... 
Whatever the relative values of the terms may be the first term is 
eventually transformed into terms similar to the second and third. There 
is evidence enough to show that the secondary radiation only emerges after 
a ring of electrons has been depleted of one of its members. The criterion 
is that the energy absorbed from the corpuscle at each collision must be 
equal to hnx or hn; according to the ring depleted. 

The number of high-speed electrons produced varies as N*, this is so for 
both gases and solids and holds for radiation of a definite wave length. 
The true absorption can therefore be put into the form 

AN*hn, 


* Phys. Rev., vol. vii, p. 387. 
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where A is constant and fn, is a quantum of primary energy absorbed. 
This can be written 
AN*(Gmv,? + hng thn, + .. ) 
which can be written 
BN4(hng + hn, .. .) 
for the corpuscle cannot discriminate between a K ring of electrons or 
an L ring if the atom is neutral and also the number of K rings equals 
the number of L rings in a substance on the average. Bis a constant, which 
is necessarily greater than A in fact 
B= A(1+2) 
where z is the number of K or L rings disturbed by the electron before 
its flight ceases. Suppose the absorber is so chosen that only the 
L electron is liberated. The atom which has lost this electron will radiate 
L and M, etc., radiations. As before the energy absorbed by these atoms 
can be written 
CNthn, = CNi(gmey t+ how thny +... ) 
for the same primary radiation. N, 1s experimentally greater than N. 
Once again, if the energy 3mvz is distributed amongst 2,, L rings, and 2, 
M rings, etc., the absorption of energy from the primary radiation is 
DN? (hn, + Any +...) where D= C(1 +2,). 
This electron will not have sufficient energy to remove a K electron from 
the element N, since the whole quantum of primary radiation could not 
do so. . 

The ratio of the energy absorbed in the first case to that absorbed in 

the second case is 
A(1 + #)Nt(hn, + hn, +...) . 
C1 + a)N, (mt hm t..) 7 7 

Brage states* that when the logarithms of the co-efficients Kw in 
(i) for any one wave length are plotted against the logarithms of the 
atomic numbers of the absorbers, a series of straight lines is obtained. 
The slope of the lines shows that the absorption varies as the fourth power 
of the atomic number, but the constant of proportion (Q) changes as one 
of the critical values (of the wave length or atomic number) is passed 
through. This is the well known effect of selective absorption or selective 
transmission that was originally investigated by Barkla. The absorption 
is not in the nature of an absorption band but it suffers a permanent and 
violent change at definite points in the atomic scale (fig. 1). 

The radiation is of sufficiently short wave length as to be able to excite 
the innermost K rings of the elements lying between A and B. Between 
the points B and C the second ring of electrons is excited, the innermost 
ring having a frequency too high to be in tune with the primary radiation, 


* X-rays and Crystal Structure, p. 180. 


——Absorption per atom (Kg) for wave length }, > 


<< 
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whilst beyond C it is the third ring of electrons which stores up the energy 
of the incident radiation until the quantum hn, has been received, when 
it explodes and shoots out the corpuscle. The L radiation of the element 
at C has the same frequency as the K radiation of that at B. 


Fourth power of atomic number of absorbing element. 


Pig i: 


TaBLE ITI. 


meee Atomic we 
Radiation 5/ Kw TR 1) whe ee Transition from 
ns.” | Ne OE ae eae | *) 0, uy @hone arte 
r 


Ags 491} 47 2815 379°3 7-42. | Pd(46) — Ag(47) 
Pdg-508| 46 3409 452-0 7-54, |Zn(30) — Pa(46) 
Rhg-587| 45 3855 487-6 7 Ol ; 
Aga554| 47 4027 582:5 GRO | 63 : 
Pda‘576| 46 4638 615-5 RS | os 
Rha ‘615 | 45 5194 6789 7:65, |e 


Table III is obtained from the figures given in Bragg’s work, p. 179. 
The first column of values of Kw/y4 gives the average of these quantities 
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for the absorbing elements between the points A and Bin fig. 1. The 
second column of values of Kw/y4 gives the average of these quantities 


between the points Band C. Whilst Q/Q, shows how the constant falls 
as the point B is passed through. The last column locates approximately 
the element at the point B. The absorbing elements were Al (13), Fe (26), 
Ni (28), Cu (29), Zn (80), Pd (46), Ag (47), Sn (50), Pt (79), Aw (80). 

Suppose at the point B we could imagine a critical element so constructed 
that for a very small diminution in the wave length of the incident radiation 
its K ring would begin to radiate, i.e. the constant of proportion between 
Kw and A} suddenly changes from Q, to Q, or suppose we had two elements, 
one whose atomic number were just above that of B, and the other just 
below that of B, then for a given wave length of incident radiation in 
passing from the former to the latter the K ring would radiate. It will be 
seen that in (11) # = 2, for these are analogous to & in Table I, the corpus- 
cular factor. Barkla and Shearer* have shown that vx = v, if A is constant. 
Also A = C, for we believe that the seat of absorption is within the atom. 
At the transition point B the increase in absorption is not due to a great 
increase in the number of atoms originally ionized. Then the increase in 
the absorption is 


ee a EMPL hae) ag? ee. Gils) 
Ny, + 1s Gi a 

and similarly 
Nee. ee He (iv.) 


Vine t- 8 1n) -s. es 
The theory outlined above can be put to a direct test, for Moseley has 
actually obtained both the Ka and lines for some of the elements about the 
region of atomic number 40. 
The general formula he givest for the frequency of the Ka line is 


1 1h g 
KG = (55 ee 9a) (N ez 1) Wo 
and for the La line 


in which n, is the fundamental frequency of line spectra and = 109720 x 
(velocity of light). 
We therefore obtain 
iis Moya SE pega 
ma oe fo SG) 
for an element whose atomic number is N. Then if the transition in the 
constant of proportion for Ag X-rays takes place at Palladium (46) 
MKa = (OOF 
Nha 
* Phil. Mag. (6) xxx, p. 7538. 
+ Phils Maw (6). -xxvis, p: (lid: 
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From Table III the change in proportionality between absorption per atom 
and N* (see fig. (1) at B) is of the order 7:5 for elements whose atomic 
numbers are in the region of 46, and therefore, according to the theory 
outlined, 
NM +n t+mt... aes 

Wy A Ay ee 
Now Table IIT does not tell us anything directly about the M spectrum. If 
it did, the last result could be tested at once with Moseley’s formula. 
Cabrera, however,* claims that the M spectrum is given by 

* Nature, October 7th, 1915, p. 144. 


el ae 
and therefore for an element of atomic number N. 
Nae? esac N—I1 \2 
OE =154 (ar 5) (vi.) 


Accepting this tentatively we obtain for an element whose atomic number 
is of the order 46. 


xa — 53 
us 
and putting this relationship into (iii) derived in this paper we obtain 


My + My, + My + 


Ne Nae =i 
“E74, 
NL 


whilst Moseley’s formula gives for an element 46. 

Nx 46—1 \? 

m= 54 (i= ra) = 785, 
which is in close agreement with the result obtained from the present 
theory. 

In applying these results we are very much limited. In Barkla’s original 
work on selective absorption there were large gaps in the sequence of 
absorbers used, and it is impossible to locate exactly the element at which 
the transition takes place in the region of the L absorption “band.” We 
do know, however, that if radiation from an element R was being absorbed, 
the transition from the K to the L radiation must have occurred in an 
absorber lower in atomic number than R. The transition between the L and 
M radiation is given by Chapman’s formula 

2N,x = Ni — 24. 


Taking as a typical case for the calculation from (iii) of a the results 
M 


given by Barkla and Sadler,* we obtain the following from the mass absorp- 
tion co-efficients of absorbers ranging from carbon (6) to gold (80) for nickel 


* Phil. Mag. (6), xvii, p. 749. 
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X-rays. As we pass from the absorber Sn (50) to absorber Pt (79) (no 
intermediate absorbers are given) the constant of proportion of Kw to N* 
falls in the ratio of 4°81: 1. 

We therefore have 
(Viger Wate as 


—— 4°81. 
Mn + ee) 
Ny, f 
Ge eee 


Mr, 
ee 3°81, 
and from the order of the quantities involved— 
Ny, : 
oe < 4:81. 
If we assume that for an absorber whose atomic number is 78, its L radia- 


tion would have been excited, whilst the absorber Pt (79) had only its 
M radiation excited by the Ni X-rays, we obtain 


1 1 mee 


i eral 1 2 
(=~) (N — 21:°8) 


where N is 78. 
5 452, 
“1 


a result agreeing well with Barkla’s figures. There seems to be every 
likelihood, therefore, that the theory I have outlined is not far from the 
truth. 


SUMMARY. 


An attempt is made to co-ordinate the known processes of ionization in 
gases during the passage of a beam of homogeneous X-rays with absorption 
phenomena generally in solids. 

The basis of the theoretical considerations is the experimental fact that 
for a given wave-length of the primary rays the number of 8 particles pro- 
duced in a gas varies as the fourth power of the atomic number of the 
absorbing element (Moore, Proc. Roy. Soc. (A), xci, p. 387), whilst the 
absorption per atom during the passage of X-rays through solids also varies 
as the fourth power of the atomic number of the absorber (Bragg, Phil. 
Mag. (6), xxvii, p. 627). It is assumed, therefore, that all absorption in 
solids is due to a direct interchange of energy between the ether waves and 
the £ particles which are liberated throughout the solid. 

The amount of energy absorbed from the primary wave per particle 
produced 

=titmethnthant... 
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according to Barkla (Nature, March 4th, 1915, p. 7) in which hng + hn, + 

. was the energy liberated from the atom during the previous binding 
of the electron. The corpuscle spends its energy in producing more hing, hny 
quanta of radiation. 

If the incident wave-length is too great to liberate a “K” corpuscle, 
then the energy absorbed from the wave per “ L” corpuscle produced is 

i mv; +hn, +hriy +... 
For a given wave Barkla and Shearer (Phil. Mag. (6), xxx, p. 753) have 
shown that vz; = V,. 

The fall in the constant of proportionality between Kw (absorption 
per atom) and N* for a given incident wave-length when the “K” ring 
ceases to be excited is derived as: 

hnx thn, +hny +... 
hn, thoy +... 
and similarly when the “ L”’ ring ceases to be excited 
Dili. shale sous 
Amu t+... 

These equations are tested with Barkla and Sadler’s for the absorption 
of X-rays (Phil. Mag. (6), xxvul, p. 712) and with Brage’s results (Phil. 
Mag. (6), xxix, p. 407). Using Moseley’s formula for the relationship 
between the K and L series (Phil. Mag. (6), xxvii, p. 712), and Cabera’s 
formula for that between the K and M series as a check, the results are 
consistent, 


VICTORIA COLLEGE, STELLENBOSCH, 
SouTH AFRICA ; 
October 18th, 1916. 
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NOTE ON PALMSTREWS GENERALISATION 
OF LAME’S EQUATION. 


By Sir THomas Murr, LL.D. 


(1) In 1903 I communicated to the South African Philosophical Society* 
a paper on “ Factorisable Continuants,” in which a theorem of considerable 
generality was established, including as simple instances two isolated results 
due to Sylvester and Painvin. The fact that the theorem did not also 
include a similar result given by Heine in a paper on Lamé’s functions 
led to further investigation, the outcome of which was communicated to 
the Royal Society of Edinburghf in 1904. Unfortunately I was not then 
aware that Heine’s paper had been thrown a little out of date by later 
work, a very noteworthy generalisation of Lame’s equation having been 
made by Palmstrgm in 1897 and been published in the year-book of the 
Bergen Museum.{ This publication having recently come by accident into 
my hand I hasten to show how the method employed in 1904 in connection 
with Heine’s result may be equally effectively used on the generalisation 
arrived at by Palmstrgm. 

(2) The determinant on which the generalisation turns is no longer 
a continuant, there being in it four contiguous non-zero diagonals instead 
of three. As Palmstrgm writes it the order is the (m+ 1), the main 
diagonal consists of B’s, the upper minor diagonal is 


(2n +4,—2)8, 2(2n+%4,-—3)8, 3(2n+4,-4)8, ....... 
the two lower minor diagonals 
n(38n + t, —3)8, (n—1)(8n +4, —6)8, (n—2)(8n + #t, — 9)B, 
2n(n—1)8, 2(n—1)(m—2)e, 2n—2)(n—3)~B,..... 
and the factors of the result 
B+ {2n? + (¢, — 2)n}B, 
B+ {2n? + (4, — 8)n — 28, + 638, 
* Transactions, vol. xv, pp. 29-33. 
+ Transactions, vol. xli, pp. 343-358. 


+ “Sur une généralisation de Véquation de Lamé,” Bergens Museums Aarbog 
for 1897, No. xi, 9 pp. 
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As thus written, however, much greater complexity is suggested than in 
reality exists. A first simplification results from reversing the order of 
the rows and thereafter the order of the columns, the first row then 
becoming simple in appearance and the same for all orders, and the other 
rows flowing readily from it. Further, without loss of generality we may 
write x for B/8. With these changes and the change of ¢, into a, the 
cases for the 4th and 5th orders are 


a la  2(1:2) 
3(a+2) 2 2(a+38) 2(2°3) | =(#+ 38a4+12)(%@+a)(a—3a— 6) 
2(a+3) @ 3(a+6) (x'—-a—6), 
1(a+4) x : 
a la 2(1°2) 
4(a +3) x 2(a+ 8) 2(2°3) 

3(a +4) a 3(a+ 6) 2(3°4) 
2(a + 5) a A(a +9) 

l(a + 6) a 


= («+40 +24) («+ 20+ 6) (w—6) (w— 2a — 12) (@ — 4a — 12). 


Tt is thus seen that the determinant in each case is a function of only 
two variables, and that on account of the absence of both of them from 
the shortest diagonal the determinant cannot degenerate into a continuant, 
and the theorem therefore cannot include any of those established in 


1903-04. 


(3) In bringing forward our new result in extension of this the method 
of the former papers need not be again explained; it will suffice to make 
clear what the result really is, and to show its relation to others. In the 
case of the fifth order it is: 


a 2 c—b+3d 
A(y—8ce—3d) #+P 2(8—b) 3(c—b+ 4d) : 
B(y—2e—d) #2#+Q 3(B—2b+3d) 6(e—b+5d) 
2(y —c) a+R 4 (8—3b+ 9d) 
: y z+8 
= (a—Ay + 12c + 12d)'\(w@+ PB — 3y4 6c + 3d)(x+ 28 — 2y —b + 8¢ + 3d) 
‘(e+ 33—y—3b+ 3c+ 9d):(@+ 46 — 6b + 6c + 18d), 
where P=fP —y+ 6e + 9d, 
Q = 28 — 2y — b + Ye + Yd, 
R = 86 — 3y — 3b + Ye + 9d, 
S = 48 — 4y — 6b + 6c + 18d. 
The factors of the determinant are brought into evidence by means of the 
row-multipliers 
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i —1 1 —1 i 

il —2 3 —4 

1 —3 6 

] —A, 

and equally readily by means of the column-multipliers 

4 6 4 ] 

1 3 3 1 

1 2 

1 1 


That is to say, the operations 
row, — row, + row, — row, +Trow;, 
row, — 2 row, + 3 row, — 4 rowy, 


bring to light the factors 
ge wAve tert Ud. ok oa. So 
and the operations 
col, + 4 col, + 6 col, + 4 col, + col, 
col, + 3 col, + 3 col, + col,, 


the same factors in reverse order. 


(4) In showing how Palmstrgm’s case is included in this there is an 
advantage in taking two steps to bring about the specialisation required, 
namely, first putting 


y= P+ 6c and b= — 8¢, 
which gives 
a B Ac 
4(8 + 3c) x 2(B + 3c) 12¢ 
3(B + 4c) x 3(B + 6c) 2Ac 
2(B + 5c) z (B+ 9c) 
B+ 6c a 


=(a — 46 — 12c) (a — 28 — 12c) (4 — 6c) (w@ + 26 + 6c) (a + 43 + 24e) 
and then putting c = 1. 


(5) Of the many other interesting special cases the one to which one 
naturally turns is that where the determinant degenerates into a continuant, 
and where therefore there is a probability of establishing a contact with 
previous results. Putting then 


e=b and d= 
we find the outcome to be 


A(y—8b) e+ B—y+6b (8-8) 3(8 — 2b) 
3(y—2b) #2+4+28—2y + 8b 
2(y — PB) 4+3B—3y+6b 4(6— 3b) 
: Y a+4B — 4y 
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=(# —4y + 12b) (@ + B — 8y + 6b) («@ +28 —Qy+2b) (© + 84+ y) (#+4B) 


and on examination it will be found that the class to which this belongs is 
that dealt with in the first of the papers mentioned above. The width of 
the new extension can thus be appreciated. 


(6) In order to make clear the law of formation of the elements of the 
determinant it is best to view them as diagonally arranged. When the 
order is the n™ the shortest diagonal is 


Ife —b + 4(8n — 9)d}, Bf — b + $(8n — 7)d}, 


where the inner co-efficients of d decrerse by 1, and the outside multipliers 


are 1, 3,6,10,15,.... The next diagonal is 
1-8,2(8 — b), 38(8 — 264+ 13d), 4(6 — 36 + 33d), 
where the co-efficients of 8d are again 1, 3, 6, 10, 15,.... The main 


diagonal has for the co-efficients of ¢ | 
1:(2n — 4), 2°(2n — 53), 38(2n — 7), 4(2n — 88), 
for the co-efficients of b 
0, —l, —3, -—6, —10, —15,.... 
and for the co-efficients of d 
1d.(n? — Sn +5412), 3(n®? —64n+ 6h +22), 44 (n?—8n +34 8%), ... 


The lower minor diagonal is 


Ga {y- (n—2)e—4(n—2) (n—8)a}., 


(n=2){7—(n—3)e— Hn — 3) (n Ae, ; 


where the inner co-efficients of d are 
Omen remene emers rome Crane). Jay ae ae 
in reverse order. | 
It is worth noting, too, that the elements of each diagonal form what 
used sometimes to be called an arithmetical progression of the third order. 


Cape Town, S.A., 
December 29th, 1916. 
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